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This book has been prepared primarily for the use of stu- 
dents in determinative mineralogy, but it has also been made 
Bufiliciently inclusive to meet the demands of the geologist 
and the mining engineer in all but the rarest cases. The 
accompanying tables include 380 minerals, or from 100 to 
150 more than are fully described in the current textbooks. 
Besides the more common minerals and those of economic 
value as ores or otherwise, many of the less common and 
even rarer species have also been included. Some idea of 
relative importance is suggested by the sizes of type in which 
the names are printed. Those that have been omitted are 
very rare and, from a practical point of view, of little present 
importance. 

Chemical composition is considered to be the most funda- 
mental property of a mineral; and many species, particularly 
among the ores, cannot be determined with certainty except 
by means of chemical tests. The diagnostic value of physical 
characters in many cases is fully recognized, however, and 
half the space of the tables is devoted to a statement of these 
properties. A special table has also been appended in which 
the minerads are arranged according to crystallization, luster, 
and hardness. The plan of the Brush-Penfield tables has 
been followed, in the main, but with considerable modification 
and rearrangement and with much condensation. Chemical 
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formulas and the deecriptions of physical properties have 
been thoroughly revised and several new species have been 
added. In order to simplify the procedure and facilitate 
the use oE the tables, the more difficult and elaborate chemical 
tests have been avoided; and blowpipe or " dry " tests have 
been preferred, in general, to those made in the " wet " way. 

It is intended that the tables should not only furnish a 
name by which an unknown mineral may be called, but should 
also lead the student to acquire for himself a knowledge of 
what the mineral really is, both chemically and physically. 
The constant use of a good treatise on descriptive mineralogy 
to supplement the tables, while not absolutely required, is 
recommended, especially for the student. In order to facilitate 
such use, pt^e references to Dana's " System of Mineralogy " 
(6th edition) and to Dana's " Textbook of Mineralogy " (new 
edition) are inserted after the name of each mineral. These 
works are designated respectively by the initials " S " and " T." 

I am greatly indebted to Dr. Henry S, Washington for 
valuable criticism and for his kindness in reading the proofs 
in my absence. Mr. W. S. Valiant, of the Geological Museum 
of Rutgers College, has also rendered important assistance in 
correcting the manuscript. 

J. VoLNEY Lewis. 
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DETERMINATIVE MINERALOGY 



APPASATUS 

Blowpipe. The ordinary brass jeweler's blowpipe, 10 or 
12 inches long, serves very well. The more expensive instru- 
ment with a platinum tip is more durable. In either case it 
b essential that the tip shall be perforated with a very small, 
smooth hole. 

Lamp, (a) The ordinary Bunsen gas burner (Fig. 10), 
with a tube to be inserted for blowpipii^ (Figs. 2-6). The 
tube is flattened to a narrow slit at the top and cut off slanting, 
with or without projecting points to form a rest for the blow- 
pipe tip. (6) A lamp to use olive oil or other vegetable oil, 
or (c) one usii^ tallow, paraiEn, or other solid fuel. The last 
is most convenient for portable use. It is lighted with a 
match and the flame is then blown steeply downward for a 
few seconds in order to melt some of the fuel next to the wick. 
The heat of the flame then keeps it going, (d) Ordinary 
candles (preferably large and of tallow) serve very well. In 
heatii^ a test tube with a luminous flame the tube should 
be held entirely above the luminous part, in order to avoid 
blackening it with a deposit of soot; or an alcohol lamp may 
be provided for this purpose where gas is not obtainable. 

Forceps. For most purposes plain iron forceps, 4 or 5 
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2 DETEBMINATTVE MINEEALOGY 

inches loi^ and filed down to small points, can be used. Those 
with platinum poiats are better but expensive. 

Charcoal. Beat from soft wood (willow, pine, etc.). Con- 
venient sizes, about JXlX4 inches, may be purchased. Used 
as a support in many operations with the blowpipe {Figs. 5, 6), 
and in making reductions the carbon assists the flame. 

Platinum Wire. A thin wu-e (24 or 25 B. & S. gage, 0,4 
or 0.5 mm. diameter) about 3 inches long and sealed in a 
small glass tube for a handle (Fig. 9). Most used with a 
circular loop, i inch (3 mm.) in diameter, at the end to hold 
a bead of borax, s.ph., or other flux. 

Open and Closed Tvbes. To be made of "combustion" 
tubii^ about ^ inch internal diameter. For open tubes cut 
with a file into 4-Lnch lengths and use either straight, or better, 
with a bend near one end (Fig. 8), which may be made by 
heating until the glass is soft. For closed tubes (Fig. 7), cut 
into 5- or 6-inch lei^hs, heat the middle in the Bunsen flame 
or blast lamp, turning slowly in order to heat all sides alike; 
when soft pull quickly apart. Hold the tapering part of each 
tube thus formed in the flame and pull away the slender glass 
tip. 

Hammer. Any small hammer will serve. For the special 
hammer, a wire handle is best. 

AnvU. Any smooth flat block of iron or steel. The flat 
side of a hammer is good. 

■ Magnet. A magnetized knife blade or chisel or a small 
horse-shoe magnet. 

Bln£ and Green Glass. Two pieces of each, 2 or 3 inches 
square, for observing flame colors. 

Test Tubes. Good sizes are 4Xj and 5X| inches. 

Test Tvbe Holder. Of brass wire or wood best — for holding 
hot tubes. 

Streak PUUe. Unglazed porcelain; a convenient size is 
IjXS inches. 
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APPARATUS 3 

In addition to the above the followii^ articles will be 
found convenient in the laboratory. For portable outfits 
tbey may be dispensed with. 

Watch Glasses. Shallow, 2 inches in diameter. 

Test Tube Support. Wood, with several holes larger than 
the tub^. Easily made. 

Agate Mortar. l\ inches diameter or larger, with agate 
pestle. 

Diamond Mortar. Of steel; two-piece form is best. Useful 
when only small particles of a mineral are obtainable. 

Glass Funnel. Two inches in diameter or larger. 

Filter Paper. Round and twice the diameter of the funnel. 

Charcoal Brush. For removing subhmates from charcoal 
an old toothbrush or ajiy stiff brush may be used; or they 
may be scraped off with a knife. 

Gypsum Tablets. Thin paste of plaster of Paris b spread 
about } inch thick on a sheet of glass that has been slightly 
oiled. While still soft cut the paste with a knife into rect- 
angles about 1^X4 inches. These are readily removed after 
the plaster hardens. Used for support, like charcoal, and 
show some sublimates better. 

Porcelain Crumble. With support. Sometimes useful for 
burning a filter paper. 
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REAGENTS 

To be used dry: 

Sodium Carbonate, or soda, Na2C03; or sodium bicarbonate, 
commoQ baking soda, NaHCOa. 

Sodium Tetraborate, or borax, Na2B407 ■ IOH2O. 

Sodium Ammanium Phosphate, also called "phosphorua 
salt" and " microcosmic salt," HNaNH4P04 ■ 4H2O. Loses 
NH4OH and 4H2O on heating, becoming sodium meta-phos- 
phate (NaPOa, abbreviated s.ph.)- 

Test Papers, small strips of blue and red litmus paper and 
yellow turmeric paper. 

Potassium Bisulphate, KHSO4. 

"Boric Add Flux," 1 part finely powered fluorite (CaFz) 
with 4 parts potassium bisulphate (KHSO4). 

"Bismuth Flux," 1 part potassium iodide (KI), 2 parts 
sulphur (S), and 1 part potassium bisulphate (KHSO4). 

Tin, foil or granulated. Scraps of tin cans or other tin 
plate will serve. 

Occasional use will also be found for the following: 
Zinc, granulated or scraps of sheet zinc. 
Galena, PbS, powdered. 
Gypsum, CaS04 -21120, powdered. 

To be used in liquid form: 

Water, HaO, distilled or rain water is best; for most pur- 
poses any clear water that is not " hard " will serve. 

Hydrochloric Acid, HCl {"muriatic acid"), for most pur- 
poses diluted with an equal quantity of water. 
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REAGENTS 5 

The acids named below are more dangeroue to handle and 

lees useful than hydrochloric: 

Nitric Acid, HNO3 (" aqua fortis "). 

Aqm Regia, 3 parts hydrochloric and 1 part nitric acid. 

Sulphuric Acid, H2SO4 {" oil of vitriol ")- In diluting add 
the acid very slowly to water. 

Ammonium Hydroxide, or ammonia, NH^OH. 

Potassium Hydroxide, KOH ("caustic potash"). Best 
kept as sticks broken to short bits and placed in a well-stop- 
pered bottle — to be dissolved in a Uttle water as needed. 

Ammonium Molybdate, {NH4)2Mo04. Dissolve the crys- 
tals in water that has been made alkaline with ammonia. 
For use acidify a little in a test tube with HNO3; the ppt. 
that forms is quickly cleared up by further addition of acid. 

Cobalt Nitrate, Co(N03)2. Dissolve the crystals in 10 
parts of water. 

Ammonium Carbcmate, (NH4)2C03, DLf^solve in water as 
needed. 

Ammonium Oxtdate, (NH4)aC204 • 2HaO, Dissolve in 
water as needed. 

Sodium PfwspfuUe, Na2HP04. Dissolve in water. 

Barium Chloride, BaCb- Dissolve in water. 

Silva- Nitrate, AgNOa. Dissolve in water and keep in a 
bottle well wrapped with opaque paper. 

Potassium Ferrocyanide, K4Fe(CN)8-3H20, Dissolve in 
water. 

Potassium Ferricyanide, KeFe2(CN)i2- Dissolve a little at 
a time in water as needed. The solution does not keep well. 
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BLOWPIPE OPERATIONS AKD CHEMICAL TESTS 

1. Blast. The blast of the blowpipe should not be blown 
from the lur^ and should not interfere with regular breathing. 
Distend the cheeks fully and, while breathing through the 
nose, allow the air to escape from the mouth through the 
blowpipe without making any effort to blow. Before the 
supply is exhausted distend the cheeks again from the lungs. 
In this way the blast may be continued for several minutes, 
when necessary, without fatigue. If the blowpipe tip is in 
good condition the flame will be smooth, steady, and silent 
(Fig. 2-6). 

2. Flames. A candle flame or luminous gas flame consists 
of 3 concentric parts (Fig. 1} : (a) an inner cone of unburned 
gases; (6) a luminous mantle full of glowing particles of carbon, 
where carbon monoxide (CO) and water (H2()) are forming 
by combustion; (c) a hot, non-luminous mantle of the products 
of complete combustion, carbon dioxide (CO2) and water 
(H2O) milling with the surrounding air, and hence with an 
excess of oxygen. Hot fuel is in excess in (b), hence it is 
reducing in its action; the excess of oxygen makes (c) oxidizing. 
A non-luminous Bunsen or alcohol flame differs only in lacking 
the incandescent carbon in (b). 

In determinative mineralogy these flames are often directed 
laterally or inclined downward by the use of the blowpipe. 
For oxidizing effects the tip should be inserted slightly into 
the flame, as in Fig. 2, thereby mixing more oxygen with the 
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BLOWPIPE OPERATIONS AND CHEMICAL TESTS 7 

gases at the base. The best reducing effect is obtained by 
withdrawing the tip a little from the Same and blowing very 
gently (Fig. 3). The flame should not be sooty, but a little 
luminous carbon should extend down the whole length of it. 



Fio. 1. Fig. 2. 

Fig. 1. — Candle flame: (a) Unbumed gases; (6) bumin); (rases, 
forming H2O, CO, and luminous C; (c) hot combustion products, HjO, 
COj, and O from surrounding air. 

Fio. 2. — Blowpipe flame: (A) Intense heat and slightly reduciogi 
(c) and beyond, oxidizii^ flame (o.f,). 

3. Ignition: Fusion. The hottest flame is entirely non> 
luminous and the hottest part of it is just beyond the tip of 
the blue. The fusibihty of a mineral is tested by strongly 
heating at this point an eloi^ated fragment not more than 
1.5 mm. (j^ of an inch) in thickness; that is, no thicker than 
the " lead " of an ordinary pencil. This is held in the forceps 
so that it projects into the flame (Fig. 4). The mineral may 
fuse quietly, or with intumescence (bubbling and swelling up), 
or with exfoliation (splitting into leaves or flakes). The result 
may be a bead of colored or colorless glass, clear or filled with 
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8 DETERMINATIVE MINERALOGY 

bubbles; or it may be a white, opaque enamel. If infusible 
the mineral may remain unchanged, or it may chaise color, 



^- 



Fig. 3. — Blowpipe flame: (6) Strong reducing flame (r.f.), with 
lore gas than used in o.t. and gentle blast. 



FiQ. 4, — Teatii^ fusibility, showing 
lanner of holding it, and position in the flame. 



or oecome opaque, etc. All of these properties should be 
carefully noted. 

The test of fusibility may be interfered with by decrepita- 
tion — the violent breaking away of particles with little crackling 
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BLOWPIPE OPERATIONS AND CHEMICAL TESTS 9 

explosions owing to sudden unequal heating or to the expansion 
of minute Inclusions of water or liquid carbon dioxide. By 
first heating the mineral very gradually and gently in the 
ordinary Same this difficulty may sometimes be avoided; 
otherwise heat a few fragments in a closed tube until decrepita- 
tion ceases and select a fragment of suitable size if such re- 
mains. When this fails make a thin paste of the finely pow- 
dered mineral with water, spread a little of this on charcoal 
and heat, at first very gently, then intensely. The crust thus 
formed can be taken up carefully in the forceps and tested for 
fusibility. 

4. Scale of Fusibility. The degree of fusibility of minerals 
is indicated by numbers referring to the following scale. Min- 
erals named in parentheses have about the same fusibility as 
the standard. Comparison should be made on fragments of 
about the same size. Penfietd recommends a standard size 
of about 1.5 mm. in diameter, as explained above. With the 
more difficultly fusible minerals, however, a much smaller 
fragment with a very thin edge or fine point should be tested 
before decidii^ that it is infusible. 



SCALE OF FUSIBILITY 

(Penfield'a modification of von Kobell's scale) 

1. Sahnile, SbaSa. Fragments larger than standard size fuse 

easily in a luminous flame; fuses easily in closed tube 
below red heat. (Realgar, orpiment, sulphur.) 

2. Chaicopyrite, CuFeSa- Standard size fragment fuses in 

luminous flame; small fragment fuses in closed tube at 
red heat. {Galena, arsenopyrite, apophyllite.) 
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10 DETERMINATIVE MINEEALOGY 

3. AlmandiU (Garnet), Fe3Al2(Si04)3. Standard fragment 

fuses readily to globule with blowpipe; only thinnest edges 
rounded in luminous flame. (Malachite, wemerite, stil- 

bite.) 

4. AcHnolUe, Ca(Mg,Fe)3(Si03)4. Edges easily rounded on 

standard fragment; fine splinter fuses easily to globule. 
(Tremolite, woUastonite, barite.) 

5. Orthodase, KAlSbOa- Edges of standard fragment rounded 

with difficulty; only finest splinters fuse to globule. (Spha- 
lerite, biotite, scheeUte.) 

6. Bronzite, (Mg,Fe)Si03. Only finest points and thinnest 

edges can be rounded at all. (Enstatite, calamine, 
serpentine.) 

6. Flame Color. On ignition in the forceps, and some- 
times also on the charcoal, a distinct color may be imparted 
to the flame by the volatilization of a minute quantity of the 
mineral. The color is seen best against a dark background, 
such as a piece of charcoal or a book cover, or in a dark room. 
It is often more distinct when a trace of the fine powder is 
introduced into the flame with a clean platinum wire, (To 
clean the wire, heat it in the flame or boil in concentrated 
acid, if necessary, until it ceases to give a color to the flame.) 
The dry wire ia dipped into the powder and then held in the 
flame. If the wire is first moistened with water a larger 
quantity of the powder will adhere and in some cases a better 
color is obtained. Dilute hydrochloric acid instead of water 
is sometimes an advantage. 
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BLOWPIPE OPERATIONS AND CHEMICAL TESTS 11 

FLAME COLORS 

(For abbreviations, see page 60) 



Color. 


Shade. 


El™e«. 


Remarks. 


Yellow 


Inten8e 


Na 


MuBt be intense and peroietent to 

indicate Na 
Invisible through dark blue glass 


Red 


Yelh. to orange 


Ca 


Often improved by moistening with 

HCi 
Green through green glass 


Red 


Crimson 


Sr 


Alkaline after ignition; so is Ca, but 

not Li 
Faint yellow through green glasa 


Red 


Crimson 


Li 


Not alkaline after ignition; compare 

8r 
Invisible through green glass 


Green 


Yellowish 


Ba 


Alkaline after ignition 


Green Yelh., pale 


Mo 


Not alkaline after ignition 


Green 


Bright, 8om^ 
what yelh. 


B 


EArely aikahne after ignition. Test 
with turmeric paper and HCI sol. 
decisive 


Green 


Emerald 


CuO,Cul 


with HCI 


Green 


Pale 


Te,8b,Pb 1 


Green 


Pale bluish 


P 


cone. H:SO, 


Green 


Bluish 


Zn 


Usually streaks in outer part of 


Blue 


Greenish 


P,Sb 




Blue 


Azure 


CuCl, 


Outer parts tinged enierald^een 


Blue 


Azure 


Se 


With characteristic radish-like odor 


Blue 


Pale azure 


Pb 


Green tinge in outer part of flame 


Blue 


Pale 


Aa 




Violet 


Pale 


K 


Purplish red through blue glass 
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12 DETERMINATIVE MINERALOGY 

6. On Charcoal. The length of the coal should be held 
in line with the flame, in order to catch any sublimate that 
may form; it should be also tilted toward the flame (Fig. 5). 
First bum a small spot on the coal with the oxidizing flame 
and not* the color and appearance of the ash, in order to avoid 
confusing it with sublimates when making tests. 

A slight depression is cut in the charcoal near one end and 
3 or 4 grains of the mineral {not larger than pin heads), or a 
corresponding amount of fine powder, placed in it. In general 
a gentle oxidizing flame is blown first (Fig. 6), but only for 
a few seconds, not allowing the blue flame to touch the min- 
eral. Any decrepitation or deflagration (flashing like gun- 
powder) is noted. Odors should be sought the moment the 
heat is stopped, and any change in color, formation of sublimate, 
metal globules, or magnetic particles, observed. The oxidizing 
flame is then repeated with greater intensity until reaction 
ceases. A similar method is followed with the reducing flame 
(Fig. 5), and in many cases the reaction is facilitated by fusing 
the powered mineral with three times its volume of soda, or 
a mixture of soda ajid borax, or of soda and powdered charcoal. 



Fig. 5. — Reduction on chturcoal, with Bublimatea (when formed) at 
(d) and beyond. 
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BLOWPIPE OPERATIONS AND CHEMICAL TESTS 13^ 



SUBLIMATES ON CHARCOAL 

(For abbreviations, see pttge 60) 



N«r A».y. 


Diat. from A™y 


BubsUnce. 


ReBiarkB. 


White, very vol- 
atile 


Wh. U) grayish 


Ab,0, 


Mostly far from assay; often 
fltrong garlic odor 


Dense wh., vola- 
tile 


Gray or slight- 
ly brownish 


White, 
TeO, 

Gray, Te 


flame pale green 


Dense wh., vola- 
tile 


Bluish 


Sb,a and 
SbSbO. 


Heavy near the assay 


White 


White to blu- 
ish 


Chlorides of Cu, Pb, Hg, NH., and 
alkalis 


Pale yel. to wh 
hot; wh. cold 
non-vol. in o.f 


Faint white 


SnO, 


and ignited, subl. beooraea 
bluish-green 


Pale yel. hot ;wh 
cold;vol.ino.f 


Bluish 


MoOj 


Touched with r.f.. subl. be- 
comes azure-blue. Cu-red 
MoOi subl. next to assay 


Canary-yel. hot 
wh. cold; non- 
vol. in o.t. 


Faint white 


ZnO 


Moistened with Co(NO,), 
and ignited the suW. be- 
comes gretn 


Yel. hot; pale yel 
cold; vol. in o.f 
and r.f. 


Dense white 
with bluish- 
wh. border 


PbO 
PbSOs 
PbSO, 


Forms when galena and other 
Pb sulphides are heated 
very hot on charcoal 


Dark yel. hot 
&-yel.cold;vol 
in o.f. and r.f 


Bluiah-white 


PbO 


Heated with " bismuth flux " 
forms volatile yelh.-grn. 
subl., Pbl, 


Dmk orange-yel 
hot; orange- 
yel. cold; vol 
in o.f. and r.f. 


Greenish- 


Bi.O, 


Fuaed with "bismuth flux" 
in small o.f. forms yel. 
subl. fringed by brilliant 
red 


Nearly bik. to 
rdh.-bm.; vol 

in o.f . and r.f. 


Yellow 


CdO 


Iridescent when very thin 


Rdh. to deep lilac 




Ak with 
PbandSb 


Ag alone gives nlight bnh. 
subl. after long ignition 


Copper-red 


White 


MoG,, 
MoO, 


Touched with r.f.. white 
Bubl. becomes azure-blue 


Steel.*ray, faint 
metallic luster; 
very vol. 


Whit«; may 
be tinged 
red 


Whit«, 
SeO, 
Red. Se 


Subl. colors r.f. azure-blue. 
Characteristic radish-like 
odor 
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X4 DETERMINATIVE MINEEALOG'X 

7. Roasting. Spread a fine powder of the mineral thinly 
on charcoal and heat with a small oxidizing flame, a con* 
aderable distance beyond the tip of the blue and at no more 
than a dull red heat (Fig. 6). If the mineral fuses easily heat 
intensely till the volatile constituents are driven off, then 
pulverize with a little powdered charcoal and repeat the roast- 
ing with the mixture, using the small oxidizing flame and low 
temperature again. 



FiQ. 6. — Roasting on charcoal ; very small o.f., scarcely reJ heat. 

8. On Gypsum Tablets. The tablet may be held in the 
same manner as the charcoal, or may be placed on charcoal 
as a support. A little of the pulverized mineral is fused with 
" bismuth flux " near one end of the tablet. Volatile iodides 
of the metals are formed, many of which produce characteristic 
sublimates on the cool part of the gypsum. The same proc- 
ess may be used on charcoal, and in the following table the 
results are compared with those on gypsum. 

9. In. Closed Tube. The object is to heat the mineral with 
little air, and hence with little oxidation. Use small fragments; 
fine powder adheres to the side of the tube ami may interfere 
with sublimates. Volatile emanations that give an odor or 
condense as a sublimate or a liquid on the side of the tube are to 
be specially noted; also decrepitation, phosphorescence, fusion, 
change in form or color, or magnetism. The upper end of the 
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BLOWPIPE OPERATIONS AND CHEMICAL TESTS 15 



IODIDE SUBUMATES ON GYPSUM AND CHARCOAL 

(For abbreviations, see page 60) 



On OypBum. 


Btance, 


On Char 


OBl. 


Chrome-yel, volatile 


Pbl, 


Chrome-yel.; gnh. if thin; 
volatile 


Yel. to orange; very volatile 


Asl, 


Faint yellow 


Orange to red; disappears in strong 


Sbl, 


Faint yellow 


Scarlet with yel.; if strongly heated is 
dull yel. and bik. 


Hgl 


Faint yeUow 


Brownish-orange 


SnL 


White 


Rdh.-bra., nearly scarlet 


Sell 


Does not show 


n charcoal 


Chocolate-bm., with underlying scar- 
let; in ammonia fumes becomes or- 
al^ and then cherry-red 


BiL 


Bright red; yel. 


near assay 


Purplish-brn., darker border 


TcL 


Does not show c 


n charcoal 


Ultramarine-blue, deep 


MoL 


Does not show c 


n charcoal 



tube must be kept cool, and this is best assured by holding it 
only with the fingers and keeping it nearly horizontal (Fig. 7), 



Fio. 7.-~Heating in closed tube (c.t.) : Hold the tube with the fingers only. 
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StIBUMATES IN CLOSED TUBE 
(For abbreviatiouB, see page 60) 



Hot. 


Cold. 


8ub- 
Btanee. 




Cola. Uqiiid;eaBily vol 


Cola, liquid 


H,0 


Neutral or acid; rarely 
alkaline 


White Bolid 


White solid 


PbCl^SbCh, AsiO,, Sb,0., NHt 
salts 


Gray metallic liquid globules 


Hg 


Unite by rubbing with 
strip of paper 


Pale yd. to colfl. liquid 
difficultly volatile 


CoIb. to wh 

globulM 


TeO, 


From Te and some com- 
pounds 


Uark yel. to red liquid 
eaeUy volatUe 


Yel. xln. solid; 
pale in email 


S 




Darkrred liquid, aenrly 
blk.; easily volatile 


Rdh.-yel. 

transparent 
solid 


AsS 
AsS. 


From sulphides and sul- 
pharBenites 


Blk. solid; dif. vol. 


Rdh, -brown 


SbiOS, 


Sulphides and sulphanti- 
monites 


Brilliant blk. Bolid; oft«ii gry. and 
xin. near heated end 


As 


From As and arsenides. 
Break off closed end and 
heat eubl. for garhe odor 






H^ 








powder 






Te 








some TeO, formed (see 
above) 


Blk. fusible globules; smallest deep 
red by transmitted light 


8e 


Often also wh. xln. SeOi 



;. Cookie 
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10. In Open Tube. The object is to heat the mineral 
with a good supply of air for oxidation. Place finely pow- 
dered mineral near one end of the tube (at the elbow if the 
tulje is bent). Hold the tube steeply inclined, with the pow- 



Fio. 8. — Heating in open tube (o.t.); Use tube holder and heat firat 
at {a) to insufe draft. 



der at the lower end, using a holder, since the whole tube 
will become hot. First heat the tube well, just above the 
mineral (at a, Fig. 8) so as to insure a good draft, then bring 
the mineral over the flame. 
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SUBUMATES IN OPEN TUBE 

(For abbreviations, Bee page 60J 



Color »nd ChoracMr. 


_s* 


»™,L. 


Wb. xln., readily volatile 


A«0, 


glaSB 


Wh. !dn., readily volatile 


SeO, 


Us. rad. xla.; often a little red S 


Wh. xin., slowly volatile 


Hb,0, 


XIa. are octahedrons and priema 


Wh. non-vol., infusibie 


PbSO, 
PbSO, 


Slight deposit; mostly on lower side 
of tube near assay 


Wh. to pale yel. globules; 
slowly vol. 


T.0, 




Pale yel. hot; wh. cold; 
amorph., infus., non-vol. 


SbSbO, 


Dense wh. smoke; mibi. mostly on 

under side of tube; us. eome vola^ 
tile SbiO, 


Pale yel. hot; wh. cold; fu8. 
and vol. at red heat 


MoO, 


Network of delicate xls. near aeaa.y 


Yel. to oranRp; easily vol. 


S, AsS 




BIk. hot; brn. cold ;dif, vola- 
tile 


SbflS, 


proper draft and oxidation. Heat 


Brilhant bik.; volatile 


A.,H!!S 


rectly under it 


Gry. metallic globules; vola- 
tile 


Hg 


Unite by rubbing with atrip of paper 


Red. volatile 


8e 


Often with white SeO, (see above) 
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11. In B|rax Bead. A round loop (J inch diameter) 
of platinum wire may be made conveniently by bending it 
around the tapering part of a pencil near the point (Fig. 9a). 
The loop is heated in the Bunsen or blowpipe flame and 
dipped into the powdered borax. The part that adheres b 
fused to a clear globule (Fig. 10) ; this is again dipped into the 
borax, and the process is repeated until a nearly spherical 
bead is obtained. The hot bead is touched lightly to a fine 
powder of the mineral and is then heated thoroughly in the 



FlO. 9.— Platinum wire loops: (a) Single loop i inch, for bead tests; 
(6) double loop, holding iai^r quantity, for decomposing insoluble minerals 

oxidizing flame. The degree of solubility of the particles 
and the colors, if any, imparted to the bead are carefully 
noted. It is then heated continuously for some time in the 
reducii^ flame, and any change noted. The quantity of the 
powdered mineral in the bead is gradually increased until a 
distinct reaction is obtained or until the bead is saturated 
with it. 

Precaution. Sulphides, arsenides, antimonides, etc., must 
first be thoroughly roasted at a dull red heat (Fig. 6), as 
directed in Section 7, page 14, in order to convert them 
into oxides; otherwise no characteristic reaction will occur. 
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BORAX BliAD UEACTIONS 
(For abbreviation:!, xee p^e 00) 

(M indicates medium amount; + indicates much; — indicates little) 



Oiidii 


m FLamc. 


Bedmin 


« Flsnu.. 




OridB 




Hot. 


Coi± 


Hot. 


Cold. 






Coloriees 


ColorleM 


Colorless 


Cobrless 


+ or - 


Si, AI, s 


n 


Colorleea 


Cola, or 


Colorless 


Cois. or 
opaq.. wh. 


-*-or - 


Ca,Sr,Ba.Mg, 
Zn, Zr, Cb 


Pale yel. 


Cols, or wh 


Pale yel. 


Colorless 


+ 


Pb, Sb. 


Cd 


Pale yel. 


ColB. or wh 


Gray 


Gray 


+ 


Bi 


Pale yel. 


Cola, or wh 


Brown 


Brown 


+ 


Mo 


Pale yel. 


Cola, or wh. 


Yellow 


Yel.toyelh- 

brn. 


M 


W 


Pale yel. 


ColB.orwh. 


Grayish 


Bnh.-violet 


M 


Ti 


Yellow 


Nearly cols. 


Pale green 


Nearly cola 


- 


Fe,U 


Yellow 


Yelh.-green 


Green 


Green 


- 


Or 


Yellow 


Pale yelh.- 
gm. 


Dirty gra. 


Fine green 


- 


V 


Yel. to or- 
ange 


Yellow 


Pale p«en 


PaJe grn. to 
nearly cola 


Mto + 


U 




Yel. to or- 
ange 


YeUow 


Bottle grn. 


Pale green 


Mto + 


Fe 




Yel. to or- 
ange 


Yelh.-grn. 


Green 


Green 


Mto-1- 


Cr 


Green 


Blue 


Cote, to gm. 


Opaq. red 

<+) 


-toM 


Cu 


Blue 1 Blue 


Blue 


Blue 


- to M: Co 


Violet 


Rdh.-bm. 


Opaq. gray 


Opaq. gray 


-loMiNi 


Violet 


Rdh.-violet 


Colorless 


Colorless 


- 


Mn 
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12. In Sodium Metaf^oE^ihate Bead. The bead b made 
by heating sodium ammonium phosphate on a loop of platinum 
wire in the same mamier as previously described for the borax 
bead; but when first fused it is much more liquid than borax 
and considerable rare must be exercised in order to avoid 




Fig. 10.— Making a bead in the Bunaen flame. If the bead drops it 
falle clear of the burner instead of clogging it. This position is specially 
important for sodium metaphosphat« (s.ph.) beads. 

dropping it. It ia best to tilt the burner at a considerable 
angle (Fig. 10), so that beads cannot drop into it and clog it. 
Hold the wire over the center of the flame, with the circular 
loop horizontal. Do not undertake to fuse much of the salt 
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SODIUM METAPHOSPHATE BEAD REACTIONS 
(For abbreviations, eee page 60] 
{M indicatfla medium amount; + indicates mycb; — indicates little) 



Oiidiuog Flanu. 


Reducm 


FImn». 


x„.„. 




Hot. 


Cold. 


Hot, 


Cold. 


Oxide ot 


Colorless 


Cokor 
opaq. white 


Colorless 


Cols, or 
opaq. white 


-.. 


Ca, Sr, Ba, 
Mg, Zn, Al, 
lit, Sn, Si 
(Si nearly 

insol.) 


PiJeyel. 


Colorless 


Pale yel. 


CoiorlesB 


+ 


Cd 


PiJe yel. 


Colorless 


Gray 


Gray 


+ 


Pb, Sb, Bi 


Pale yel. 


Colorless 


Brown 


Brown 


+ 


Cb 


Pale yel. 


Colorless 


Dirty blue 


Fine blue 


M 


w 


Pale yel. 


Colorless 


Yellow 


Violet 


- to + 


Ti 


YeUow 


Colorless 


Pale yelh.- 
gm. 


Colorless 


- 


Fe 


YeUow 


Pale grnh.- 
yei. 


Pale grn. 


Fine gni. 


M 


U 


Yelh.^n. 


Colorless 


Dirty grn. 


Fine gra. 


M 


Mo 


Yel. to 
bnh.-red 


Yel. to cots 


Red, yel,, to 
yelh.-grn. 


Nearly cols 
to pale 
violet 


M to -1- 


Fc 


Yel. to 
deep yel 


Yellow 


Dirty gm. 


Pine grn. 


- toM 


V 


Red to 
bnh.-red 


Yel. to 
redh.-yel 


Red (o 
bnh.-reii 


Yel to 

rt-d.h.-yel. 


- toM 


Ni 


Green 


Pale blue 


Pale yelh.- 
gm. 


Pale blue, 
nearly 
cols.; at 
times ru- 
by-red 




Cu 


Dark 

green 


Blue 


Bnh.-grn. 


Opaq. red 


M 


Cu 


Dirty grn. 


Fine grn. 


Dirty grn. 


Fine grn. . 


- toM 


Cr 


Blue 


Blue 


Blue 


Blue 


- to M 


Co 


Gryh.-vio- 


Violet 


Colorless 


Colorless 


M 


Mn 
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at a time, but build up the bead by small additions, heating 
each time until all bubbling stops. The salt fuses to sodium 
metaphosphate, NaPOs, and is used in exactly the same manner 
as the borax bead. 

13. In Sodium Carbonate Bead (Soda). The soda bead 
on platinum wire is opaque white when cold. It is prepared 
in the saibe manner as borax or s.ph. beads {see preceding 
sections), and is useful for the following reactions: 

Manganese: in o.f., green when hot, blue when cold; in 
r.f., colorless. 

Chromium : in o.f., yellow. 

Quartz : in fine powder fused with about equal volume of 
soda ^ves a clear glass. 

14. With Adds. For most purposes dilute hydrochloric 
acid is used; but for sulphides and arsenides, which require 
oxidation, nitric acid is best. 

Usually the object of the first teat with an acid is to deter- 
mine whether the mineral is decomposed or dissolved by it, 
This b best done with a very small amount of the fine powder, 
just enough to be distinctly visible in the bottom of the test 
tube. Fill the tube with acid to a depth of J to | of an inch. 
If no immediate reaction occurs, heat to boiling and observe 
any change, particulariy whether any of the powdered mineral 
has disappeared. If the mineral seems unchanged continue 
the boiling for several minutes. If solution or any other 
reaction occurs, add a larger amount of the powdered mineral 
in order to get distinct results. 

(1) Solution may occur with effervescence in cold acid 
or only on heating, with the evolution of CO2, colorless and 
odorless, from carbonates; HaS, colorless and disagreeable 
odor, from some sulphides; CI, nearly colorless, pungent 
odor, bleaches moist litmus paper, from some higher oxides 
in HCl; NO2, dark red vapors, when oxidation of sulphides, 
etc., takes place in HNO3. 
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24 DETERMINATIVE MINERALOGY 

(2) Solution may take place without effervescence, giving 
a clear, colorless solution, without a residue. When slow 
this reaction is sometimes difficult to detect. After boiling 
with a large amount of the powdered mineral, evaporate a 
drop of the clear liquid on a watch glass or a piece of Pt foil 
(or a flake of mica, if HCl or HNO3 is used), A residue indicates 
that some of the mineral has gone into solution. 

(3) Solution may occur without effervescence and without 
residue, as in (2), but with a colored solution. Yellowish to 
brownish red, ferric iron minerals in HCl; green from nickel 
and from mixtures of copper and iron (the addition of anuuonia 
to the solution gjves blue with copper or nickel, very intense 
with the former) ; blue from copper, intensified by the addition 
of an exce^ of ammonia; pink or pale rose from cobalt minerals. 

(4) Solution may occur without effervescence, leaving an 
insoluble residue. Gelatinous silica from some silicates, 
appears on evaporation of the acid; powdery or flaky silica 
separates from some silicates — it is more translucent than the 
finest powder of most minerals; white opaque metallic oxides, 
especially from Sn, Sb, and Pb minerals in HNO3; yellow 
powder, WO3, from some tungatates in HCl; yellow floating 
mass of sulphur, often black with particles of the mineral, 
from many sulphides in HNO3. 

16. With Coba t Nitrate. The solution is useful with 
light-colored infusible minerals. Heat a small amount of the 
fine powder or minute fr^ments intensely on charcoal in the 
oxidizii^ flame; moisten the mineral with the solution, and 
again ignite to an intense white heat. Distinct colors may be 
imparted, as follows: 

Blue, aluminum minerals, zinc silicates. 

Bluish-green, tin oxide. 

Yellowisk-green, zinc and titanium oxides. 

Dark green, oxides of antimony and cobalt. 

Pink, usually pale, from magnesium minerals. 
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16. Precipitates from Solution. The following reagents 
are most commonly used. For distinctions between the 
various precipitates, see the tests for the elements on succeed- 
ing pages. 

Amrrumia precipitates hydroxides of AI, Gl, Bi, chromic 
Cr, Fe, Pb, Ti, and rare earth metals. (In the presence of 
phosphoric, arsenic, silicic, and hydrofluoric acids various 
other substances are also precipitated.) 

Ammonium carbonale and ammonium oxalate precipitate 
Ca, Sr, and Ba from solutions made alkaline with ammonia. 

Ammonium sulphide precipitates from neutral or alkahne 
solutions sulphides of Fe, Zn, Mn, Co, Ni, and hydroxides 
of Al, Cr, and rare earth metals. 

Barium chloride precipitates BaSOi from acid solutions 
of a sulphate — a delicate test. 

Hydrochloric add precipitates chlorides of Ag, Pb, and 
mercurous Hg from solutions in HNO3. 

Silver nitrale precipitates silver chloride, bromide, or iodide 
from solutions of the corresponding minerals in water or HNO3. 

Sodium phosphate precipitates Mg from solutions in which 
ammonia and ammonium carbonate give no precipitates or 
in the filtrate after precipitating with these reagents. 

Sulphuric add precipitates sulphates of Pb, Ba, and Sr, 
and also Ca in concentrated solutions. 
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BEACTIOHS FOR THE ELEMENTS 

(For list of elements, see page 58; abbreviations, page 00) 

Aluuinum (A1; trivalent; at.wt. 27.1) 

(1) Ign. with Cobalt Nitrate. Fine powder of light-colored 
infus. Al minerals assume a fine blue color when mobtened 
with the solution and intensely heated either on ch. or in a 
small loop of Pt wire. Zn silicates also give blue color, but 
will also yield test for Zn. 

(2) Predpitatioii widi Ammonia. Added in slight excess 
to acid solutions, gelatinous A1(0H)3 is precipitated. To 
distinguish from other similar-looking precipitates obtained 
in the same way, filter, wash the ppt., place part of it in test 
tube with HaO and KOH; if it is A1(0H)3 it will go easily 
into solution. Bum the filter {in crucible or on ch.) and the 
rest of the ppt. will give foregoing test with cobalt nitrate. 

For Al in silicates, see Sihcon (2). 

Antimonv {Sb; trivalent and pentavalent; at.wt. 120.2) 

(1) Oxide SubL on ch. Heat fragments on ch. in o.f. A 
dense white subl. of SbgOa forms very near the assay (compare 
As). Where thin the coatii^ looks bluish. Subl. is volatile 
and may be driven about readily by the of, or r.f. No dis- 
tinctive odor {compare As) unless S or As is present. 

{2) Anttmonate Subl. in o.t When heated in o.t. most 
Sb sulphides yield a heavy white subl., SbSbOi, along the 

26 
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under side of the tube, which is non-vol. (compare As), 
Btraw-yel. when hot and white on cooling, 

(3) Ozysulphide Subl. in c.t. On intense ign. sulphides 
yield a black aubl. of Sb2S20, rich redh,-bm, on cooling. Dif. 
vol. 

(4) Iodide Subl. on Gypsum. Mixed with " bismuth 
flux " or moistened with HI and heated in o.f. on gypsum 
tablet, a red subl. of Sbis, which disappears in fumes of strong 
funmonia. 

(5) Flame Color. Sb volatilizes in r.f. and gives a pale 
greenish color to the flame. Pt forceps must not be used. 

Aesenic {As; trivalent and pentavalent; at.wt. 75) 

(1) Oxide Subl. on ch. Metallic As, its sulphides and the 
arsenides when heated on ch. yield white fumes of a garlic- 
like odor and a white crystalhne subl. of AS2O3 far from the 
assay. 

(2) Oxide Subl. in o.t. Subl. and o^or like preceding 
are produced in the tube. Easily volatile and driven out of 
the tube. 

(3) Metallic Mirror in c.t. The metal and some arsenides 
yield a brilliant black arsenical mirror. When abundant 
the part nearest the assay crystalUzes and looks gray. By 
breaking ofE the closed end of tube and heating the subl. the 
garlic odor is produced. Oxygen compounds require powdered 
charcoal also in the c.t, 

(4) Iodide Subl. on Gypsum. Powder mixed with " bis- 
muth flux " or moistened with HI and heated in o.f. on gypsum 
tablet, a vol. orange-yel. subl. of Asia forms. 

(5) Flame Color, In r.f. As volatilizes and colors the 
flame violet. 
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Barium (Ba; bivalent; at.wt. 137.4) 

(1) Flame Color. A gnh.-yel. color is imparted to the flame, 
sometimes intensified by moistening with HCl. Silicates 
do not give the flame color. Must be distinguished carefully 
from B and P flame colors. 

(2) Sulphate Prec^itate. A few drops of dilute H^O^. 
ffve a white ppt. of BaS04 from solutions in water and dilute 
acids. A dehcate test and distinguishes from B and P. Insol- 
uble silicates require previous fusion of the finely powdered 
mineral with 3 volumes of soda in a loop of Pt. wire, which 
renders them soluble in HCl. Test ppt. for flame color using 
clean Pt wire. If both Ba and Sr are present a mixed flame 
results. 

(3) Alkaline Reaction. Like the other alkaline earths and 
most alkalis, some Ba minerals give alkaline reaction on 
moist turmeric paper after ignition. 

Bismuth (Bi; trivalent; at.wt. 208) 

(1) Metallic Bl and Oxide Subl. on ch. Heat the mineral 
with 3 times its volume of soda on ch. Brittle metallic 
globules of Bi are obtuned and a yellow coating of Bi203 
which is white further away, Subl. much like that of Pb, 
but metal less malleable; distinguished by the following test. 

(2) Iodide Ppt. on ch. and Gypsum. Mix the powdered 
mineral with " bismuth flux " or moisten with HI and heat 
in the o.f. on ch. The subl. is yellow near the assay and bor- 
dered by brilliant red Bilg. On a gypsum plate the subl. 
is chocolate-brown but changes to a brilliant red on exposure 
to strong ammonia fumes. 
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BoKON (B; trivalent; at.wt. 11) 

(1) Flame Color. A somewhat yellowish-green (siskin- 
green) flame color. Must not be confused with Ba flame. 
Readily distinguished by other tests. Some B minerals 
require heating with 3 volumes of a mixture of 3KHS0i and 
ICaFa; the BF2 formed gives a momentary color to the flame. 

(2) With Turmeric Paper. Moisten turmeric paper with 
a dilute HCl sol. of the mineral and dry it on the outside of 
a test tube containing boiling water. The paper becomes red- 
dish-brown; on moistening with ammonia it becomes black. 
Insol. minerals must first be fused in fine powder with 3 volumes 
of soda on a loop of Ft wire and then dissolved in HCl, 

Bromine (Br; univalent; at.wt. 79.9) 

(1) Predpitatioii as Bromide. Solutions of bromides in 
water or dilute HNO3 yield a white ppt. of AgBr when AgNOa 
is added. 

(2) Pb Bromide Subl. in c.t. AgBr heat«d in c.t. with 
galena (PbS) yields a subl. of PbBra, which is S-yellow while 
hot and white when cold. 

Cadmium (Cd; bivalent; at.wt. 112.4) 

(1) Oxide Subl. on ch. Heated on cb. with 3 volumes of 
soda, metallic Cd is volatilized and sublimed as reddish- 
brown CdO, which is yellow distant from the assay and irides- 
cent if only a little forms. 

Calcium (Ca; bivalent; at.wt. 40.1) 

(1) Flame Color. Some Ca minerals give yelh.-red color 
to the flame (green through green glass), often strengthened 
by moistening with HCl. Must not be confused with the 

much redder Sr and Li flames. 
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(2) Sulphate ppt. A few drops of dilute II2SO4 added 
■D an HCl sol. of a Ca mineral precipitates white CaS04 ■ 2H2O, 
which goes into solution on addition of water and boiling. 
This sol. in water distinguishes it from Sr and Ba. 

(3) Carbonate or Oxalate ppt Ammonium carbonate or 
oxalate added to a solution made strongly alkaline with ammonia 
forms a wliite ppt. of the corresponding Ca compound. The 
oxalate is also formed in slightly acid solutions and this test 
can be applied in solutions of phosphates, silicates, and borates, 
wtiich cannot be made alkaline with ammonia without pre- 
cipitating Ca salts. 

(4) Alkaline Reaction. Like other alkaline earths and 
most of the alkalis, some Ca minerals give an alkaline reaction 
on moist turmeric paper after ignition. 

For Ca in silicates, see Silicon (2), 

Cakbon (C; tetravalent; at.wt. 12) 

(1) Odor in c.t. The characteristic empyreumatic odor 
of distilling organic substances is given in c.t. by hydrocarbons 
and bituminous coal. Anthracite does not yield it, but is 
combustible in the o.f. 

(2) CO2 b'om Carbonates. Heat fragments of the mineral 
in the c.t. held horizontally with a drop of Ba(0H)2 in the 
open end of the tube; the latter is clouded with a white ppt, 
of BaCOa. 

(3) Effervescence with Adds. Treat the powdered mineral 
with dilute HCl, HNO3, or H2S04, and warm if necessary. 
Guard against mistaking boiling for effervescence. Tip 
the test tube gently and pour accumulated CO2 (gas) into 
another tube containing Ba{0H)2; on shaking the latter 
a white ppt. of BaCOg forms. Concentrated acids do not 
yield the test unless the salts formed are soluble in the acids. 
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Chlorine (CI; univalent; at.wt. 35.5) 

(1) Flame Color with CuO. Mix powdered mineral with 
CuO and moisten with HjSO*, dry gently on ch. and ignite. 
Or saturate a small s.ph. bead with CuO, add a fragment of 
the mineral and heat in the o.f. In either case the azure-blue 
flame of CuCh wiU appear, Br ^vea a similar reaction. 

(2) Evolutton of CI. A powdered chloride heated in a 
small test tube with a little pyrolusite (MnOa) and 4 times its 
volume of KHSO4 gives off CI gas, which is recognized by its 
pungent odor and its bleaching effect on a piece of moist litmus 
paper placed inside the tube. AgCI and silicates containing 
CI require fusion first with 3 volumes of soda. 

(3) AgCl ppt. From a solution of a chloride in water or 
dilute HNO3 a few drops of AgNOa sol, ppts, white AgCI, 
curdy if abundant, bluish opalescent if little, Br and I give 
similar reactions. Light soon changes color of the ppt, to 
violet. Insoluble minerals must first be fused with 3 volumes of 
soda. 

(4) Sublimate with Galena. To distinguish chloride, 
bromide, and iodide of Ag, heat in c.t. with powdered galena. 
A subl. of PbCl2 forms colorless globules which are white 
when cold; PbBra is S.-yel. hot and white when cold; Pbl2 
is dark orange-red hot and lemon-yellow cold. The presence 
of Br obscures that of CI and I obscures both of the others. 

Chromium (Cr; trivalent and sexivalent; at. wt. 52) 

(1) Borax Bead Reac. In o.f. yellow hot (red with much), 
yel.-gm. cold. In r.f, green hot and cold. 

(2) S.ph. Bead Reac. In o.f. dirty greea hot, clear green 
cold. In r,f, similar colors but weaker. V differs in giving 
yellow color to s.ph. bead in o.f. 

(3) Soda Bead Reac. In o.f. dark yellow while hot, light 
yellow and opaque cold; in r.f. yelh.-greea opaque when cold. 
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Cobalt (Co; bivalent; at.wt. 59) 

(1) In Borax and s.ph. Beads. Fine blue in both o.f. and 
rX When Cu or Ni interferes remove the bead from the Pt 
wire and fuse it on ch. with a granule of Sn and the Co color 
will appear. 

CoLUMBiuM (Niobium) (Cb; pentavalent; at.wt. 93.5) 

(1) Reduction in Solution. Mix powdered mineral with 
6 volumes of borax, moisten to a paste with water and fuse in a 
double loop of Pt wire (Fig. 9b). Crush 2 or 3 such beads 
to powder and boil with HCl to a clear solution. Add Sn and 
boil and the sol. becomes blue, which changes slowly to brown 
on continued boiling and disappears on dilution. With Zn 
instead of Sn the blue color changes quickly to brown. W 
gives similar tests, but other tests for that element will dis- 
tinguish. 

Copper (Cu; bivalent and univalent; at.wt. 63.6) 

(1) Flame Color. The oxide and oxidized sulphides give 
an emerald^reen color. When moistened with HCl the flame 
is azure-blue. The same result is obtained by adding a grain 
of common salt, NaCl, to a s,ph. bead saturated with the 
substance. 

(2) Metallic Cu on ch. Oxides, and sulphides that have 
been previously roasted, yield globules of red malleable Cu 
when fused on ch. with 3 volumes of a flux of equal parts of 
soda and borax in r.f. 

(3) Borax and s.ph. Bead Reactions. In o.f. green hot 
and blue cold; in r.f. pale with little Cu, red and opaque with 
much. 
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(4) Color in Solution. Blue or green sol. in HNO3 or HCl, 
made deep blue by adding ammonia in excess. Ni gives a 
much fainter blue by similar treatment. 

Fluobinb (F; univalent; at.wt. 19) 

(1) HP in c.t. Mix the finely powdered mineral with an 
equal volume of powdered glass and 3 volumes of KHSO* 
and beat gently in c.t. The HF liberated attacks the glass 
and forms SiF4, which decomposes to HaSiFe with separiition 
of SiOa; this forms a volatile white subl. in the tube. Break 
off bottom of tube, wash subl. with water and dry; the remain- 
ing subl., Si03,-is non-vol. 

(2) Etching Glass. Mix powdered mineral with a few ' 
drops of cone. H2SO4 and spread over a glass that has been 
previously coated with paraffin and scratched with a pointed 
instrument. Let stand 5 minutes or longer. Wash off the 
acid, warm the glass, and wipe off paraffin to observe etching. 

(3) Wifli MaPOg in c.t. Mix the powdered mineral 
with 5 times the volume of powdered s.ph. beads and heat 
very hot in c.t. A subl. forma as in (1) and may be tested as 
there described.. 

Gold (Au; univalent and trivalent; at.wt. 197.2) 

(1) Metal with Soda on ch. The color, fusibiUty, malleabil- 
ity, and insolubility in any single acid serve to distinguish it 
from other metals. 

Hydhoqen (H; imivalent; at.wt. 1) 

(1) Water in c.t. Minerals containing hydroxyl, acid 
hydrogen, or water of crystallization, when heated in c.t. 
give off "water which condenses in the cold part of the tube. 
Hydroxyl and acid H require high temperature. Some salts of 
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weak bases yield acid water and from some ammonia com- 
pounds it is alkaline, as shown by a strip of red litmus paper 
inserted in the tube. 

Iodine (I; univalent; at.wt. 126.9) 

(1) Iodide Subl. with Galwia. Heat the powdered mineral 
with powdered galena in c.t.; a subl. of Pbia is formed which 
is dark orange-red while hot and lemon-yellow when cold. 

(2) Ppt. with AgNOg. From dil. HNO3 solution AgNOg 
ppts. white Agl, which differs from AgCl and AgBr in beii^ 
nearly insoluble in ammonia. 

(3) I with KHS04- Violet I vapor ia formed when iodides 
are heated in c.t. with KHSO4. 

Iridium (Ir; trivalent and tetravalent; at.wt. 193.1) 
One of the rare Pt metals. See Platinum. 

Iron (Pe; bivalent and trivalent; at.wt. 55.8) 

(1) Magnetism. A few Fe minerals are magnetic and 
many become so on heating in r.f. (or roasting and then heat- 
ing in r.f. in case of sulphides and arsenides). The test is 
more delicate if the powder is fused with a little soda, giving 
a magnetic slag. In all cases only the cold material is magnetic. 

(2) Borax Bead Reac. With small amount of mineral the 
bead in o.f. is yellow hot and nearly colorless cold; with much 
it is bnh.-red hot and yellow cold. With little in r.f. it becomes 
pale green hot and colorless cold; with much it is bottle-green 
hot and paler when cold. With sulphides and arsenides the 
bead test can be made only after roasting. 

(3) Hydroxide ppt. When ammonia is added to a dil. 
HNO3 sol. or to HCl sol. which has been boiled with a few 
drops of HNO3, a bnh.-red ppt. of Fe{0H)3 is formed. In 
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ferrous HCl sol, ammonia gives a dirty green Fe{0H)2 ppt. 
which slowly turns brown by oxidation. 

(4) Ferrous and Ferric Fe. In cold dilute acid solutions 
potassium ferricyanide, K6Fe2(CN)i2, gives a dark blue ppt. 
with ferrous Fe; in ferric solutions it deepens the color but 
gives no ppt. Potassium ferrocyanide, K4Fe(CN)4, gives a 
dark blue ppt. with ferric solutions; from ferrous sol. it gives 
a pale bluish-white ppt. which rapidly becomes blue. NH4CNS 
or KCNS pves a dark red color to ferric solutions. 

Minerals insol. in acids must first be fused in c.t. with 3 
volumes of borax glass (powdered borax beads). Break off 
lower end of tul>e and boil in a little HCl for a minute; dilute 
the sol., divide it into two parts, and test as above for ferrous 
and ferric Fe, 

For Fe in silicates, see Silicon (2), 

Lead {Pb; bivalent and tetravalent; at.wt. 207.1) 

(1) Metal and Subl. on ch. Mix 1 part powdered mineral, 
1 part powdered charcoal, and 3 parts soda, moisten and fuse 
in r,f, on ch. Globules of soft, malleable, and sectile metal 
form, bright in r.f. and dull on cooling; also subl, of PbO, 
yellow near assay, bluish-white further away. 

(2) Iodide Subl. on ch. Heat powdered mineral with 3 
volumes of " bismuth flux " in o.f, on ch, A chrome-yel, 
subl. of Pbl2 forms near and greenish-yellow far from assay, 

(3) Ppts. from Solution. From solution in dil. HNO3 
either H2S04 or HCl forms a white ppt. {PbSO^ or PbCb). 
From a boiling solution of the mineral in HCl white PbCb 
crystalUzes out on cooling. 

Lithium (Li; univalent; at.wt. 6,9) 

(1) Flame Color. Crimson flame when heated in Pt 
forceps or from powdered mineral on clean Pt wire (invisihlfi 
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throi^h green glass). For silicates better results are obtained 
by mixing the mineral with eqi&l parts of powdered gypsum. 
Flame color is much like that of Sr, but redder than that 
of Ca. Compare Sr aad Ca. 

Magnesium (Mg; bivalent; at,wt. 24.3) 

(1) C<dor witii Cobalt Nitrate. Some light-colored Mg 
minerals become pale pink when strongly ignited after moisten- 
ing with Co(N0a)2 sol. 

(2) Alkaline Reac. Some Mg minerals give alkaline reae. 
on moist tunneric paper after ignition, like the alkalis and 
alkaline earths, but weaker, and less decisive. 

(3) Ppt from Solution. If HCl sol., boil with a drop of 
nitric acid, make strongly alkaline with ammonia, and remove 
Fe, Al, and Ca by successive precipitation with ammonia and 
ammonium oxalate, filterii^ each time a precipitate appears. 
To the clear filtrate add sodium phosphate and a crystalline 
ppt. of NH4MgP04 -61120 appears. 

For Mg in silicates, see Silicon (2). 

Manganese (Mn; bivalent, trivalent, tetravalent; 
at.wt. 54.9) 

Minerals containing S, As, etc., must be roasted in o.f. 
before making bead tests. 

(1) Soda Bead Reac. In o.f. green while hot, bluish-green 
cold; in r.f. white. 

(2) Borax Bead Reac. In o.f. opaque while hot, reddish- 
violet when cold, black if too much is used. In ri. colorless. 
Similar results in s.ph. but not so delicate. 

(3) Evolution rf CI. Higher oxides of Mn decompose 
HCl with evolution of CI gas. 
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Mercury (Hg; univalent and bivalent; at.wt. 200) 

(1) Metal in c.t. Mix the powdered mineral with i 
volumes of soda that has been dried by beating nearly to red- 
ness on clean metal or in a procelain crucible; put mixture in 
c.t., cover with dry soda, and heat gradually. Hg appears 
as gray subl. or as globules on the walls of the tube. Alone 
in c.t. most Hg compounds volatilize without decomposing. 
Cinnabar ^ves a black subl. like the As mirror. 

(2) Hg Ppt. on Cu. Clean Cu in a Hg sol. receives a coat- 
ing of metallic Hg, giving the appearance of silver plating. 

Molybdenum {Mo; tetravalent and sexivalent; at.wt. 96) 

(1) Subl. in o.t. Thin flakes of molybdenite at a high 
temperature in o.t. give a yellow subl. of M0O3, frequently 
also delicate crystals, 

(2) Flame Color. At tip of blue flame gives a pale yelh.- 
green color, 

(3) S.ph. Bead Reac. With a small amount of the oxide 
in o.f. the bead is yelh.-green while hot, nearly colorless cold; 
in r.f. dirty green hot, fine green on cooling. 

(4) Color in So!. Place finely powdered mineral with a 
minute scrap of paper (about 1 mm. square) in a test tube 
with a few drops of water and an equal quantity of cone. 
H2SO4; heat till copious acid fumes form, let cool, and add 
water, one drop at a time. A deep blue color appears and 
quickly disappears with much dilution. 

Nickel {Ni; bivalent; at.wt, 58.7) 

(1) Borax Bead Reac, In o.f. violet while hot, redh.-brown 
cold; opaque by long heating in r.f. On ch. with Sn the 
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bead becomes colorless. Co in small amt. obscures the bead 
test for Ni. 

(2) Color of Sol. and Ppt. Sol. in HNO3 is apple-green; 
becomes blue with anmionia. Compare the much deeper 
blue with Cu from this treatment. 

Nitrogen (N; trivalent and pentavalent; at.wt. 14) 

(1) Deflagration on ch. Nitrates deflagrate (flash some- 
what like gunpowder) upon ignition on ch. 

(2) Ftunesinct. Heat mineral powder inc.t.with KHSO4. 
NO2 fumes given off are recognized by red color on looking 
into the end of the tube. 

Osmium (Os; bivalent, tetravalent, etc.; at.wt. 190.9) 
One of the rare platinum metals. See Platinum. 

Oxygen (0; bivalent; at.wt. 16) 

(1) O gas in c.t. Some higher oxides give ofE when 
heated in c.t, A glowing stick inserted will burn brightly. 

(2) CI Gas with HCl. Some higher oxides decompose 
HCl with the liberation of free CI, which has a pui^ent odor 
and bleaches moist litmus paper inserted in the tube. 

Palladium {Pd; bivalent and tetravalent; at.wt. 106.7) 
One of the rare platinum metals. See Platinum. 

Phosphorus (P; pentavalent; at.wt, 31) 

(1) Ppt. with Ammonium Molybdate. Dissolve the pow- 
dered mineral in HNO3, previously fusing in soda bead if insol. 
Add a few drops of the sol. to a test tube containing ammonium 
molybdate and let stand a few minutes; a yellow ppt. forms. 



D„l,:..bvG0C>^lc 



REACTIONS OF THE ELEMENTS 39 

(2) Flame Color. Pale bluish-green; moistening with 
H2SO4, is required with some minerals. 

Platinum (Ft; bivalent and tetravalent, at.wt. 195.2) 

(1) Platinum is recognized by its grayish-white color, 
infusibility, insolubility in any single acid, and reddish-yellow 
solution in aqua regia. It usually contains iron and traces of 
the other metals of the Platinum Group, of which the fol- 
lowing are the most important : 

(2) Osmium gives the very penetrating and disagreeable 
odor of Os04 when the fine powder is heated in c.t. with 
NaNOa or KNO3. 

(3) Iridium and Iridosmine are hard (H = 6-7), insoluble 
even in aqua regia. Fusion with NaNOa in c.t. oxidizes some 
Ir; break off the lower end of the tube and boil the mass in 
aqua regia. The solution becomes deep red to reddish-black. 

(4) Palladium has a bluish tarnish, which is removed and 
a Pt-like color restored in r.f. and renewed by moderate 
heat in o.f. 

Potassium (K; univalent; at.wt, 39.1) 

(1) Flame Color. Pale violet, obscured by Na; violet or 
purplish-red through blue glass, which eliminates the yellow 
of Na. For siUcates mix with an equal volume of powdered 
gypsum and heat on a Pt wire the end of which has been 
moistened to make the powder adhere. 

(2) Alkaline Reaction. Some K minerals, like those con- 
tainii^ some other alkalis and the alkaline earths, give an 
alkaline rea<;. on moist turmeric paper after intense ignition. 

For K in silicates, see Silicon (2). 
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Selenium (Se; bivalent and sexivalent; at.wt. 79.2) 

(1) Odor and Subl. on ch. Radish-like odor. If abundant, 
brownish fumes form and a silvery SeOa coating, wiach may 
have a border of red from admixture of Se. 

(2) Flame Color. The aubl. obtained in (1) is volatile in 
r.f. and imparts a fine azure-blue color to the flame. 

(3) Subl. in o.t. White crystalline SeOg subl. reddened 
by admixture of Se; volatile and 0ve a beautiful blue color 
to fiame if the end of the tube is held so that the fumes enter 
the reducii^ part of the Bunsen flame. 

(4) Subl. in c.t Fused black globules of Se, the smallest 
deep red to brown by transmitted light. Some white Se02 
may form above the Se. 

Silicon (Si; tetravalent; at.wt. 28.3) 

(1) Gelatioization. Silicates that are completely soluble 
in acids give on continued boiling and evaporation a jelly of 
HaSiOa. HNO3 is best, but HCl will serve m most cases. 

(2) ^sol. Residue in Acids. Insol. silica in powdery 
form remains after solution of the bases of some minerals. 
In suspension it makes the solution translucent and not so 
white and milky as the powder of an insol. mineral. Verify 
solution by evaporating a drop of the clear liquid on Pt foil 
or a watch glass (or a flake of mica if HCl or HNO3 is used) 
and note considerable residue if solution has occurred. 

Evaporate the solution obtained in (1) or (2) to drjTiess, 
moisten with cone, acid, and heat to boiling, then add 2 parts 
water and boil ag£un. The bases go into sol. but the silica 
remains and is removed by fllteiing. For insol. silicates first 
fuse in beads on Pt wire with 3 parts of soda, dissolve in dil. 
HNO3, evaporate to dryness, and proceed as before. It is 
convenient to use a double loop (Fig. 9&) and prepare 2 or 3 



D„l,:..bvG0C>^lc 



REACTIONS OF THE ELEMENTS 41 

large beads, in order to provide a sufficient quantity for dis- 
tinct reactions. This is especially important in the following 



Detection of Bases in Silicates, (o) To the filtrate from the preced- 
ing operations if not a citric acid solution, add a little HNOi, heat to 
boiling and add ammonia in slight excess. Al and Fe are precipitated as 
hydroxides (Al(OH), and Fe (OH),). If the ppt. is light-colored there is 
little or no Fe; if it is reddish-brown there is considerable Fe and further 
test must be made for Al as follows: (6) Filter; place the ppt, in a test 
tube with a little water and a small fragment of stick potash (KOH) and 
boil. Al(OH), goes into solution and is separated from insoluble Fe(OH)i 
by filtering. Make the filtrate acid with HCl, boil, and add ammonia in 
excess to precipitate A1(0H)3 again. 

(c) Heat filtrate from (a) to boiling and add a little ammonium oxalate 
to precipitate Ca, Let stand 10 minutes and filter. If filtrate is turbid, 
pass it repeatedly through the same filter till it comes through clear. 

(d) Add to the filtrate from (e) a little more ammonium oxalate to 
make sure that all Ca has been removed. If no ppt. forms add sodium 
phosphate and strong ammonia to precipitate Mg. It may have to stand 
for some time after coaling before the precipitate forms. 

(e) If alkalis are to be tested for, filter off the Mg ppt. of (d), evaporate 
the filtrate to dimness and heat to redness to drive off ammonia salts. 
Test the residue for K and Na flame colors with a Pt wire. 

(3) In s.i^i. Bead. An insol. skeleton of translucent 
silica remaina when the powdered mineral is fused in s.ph. 



Silver (Ag; univalent; at.wt, 107.9) 

(1) Metal on ch. Fuse powdered mineral with 3 volumes 
of soda on ch,; a malleable metal globule is obtained which 
is bright both in the Same and after cooling. Test according 
to (2) below. Compounds with S, As, and Sb on roasting in 
o.f. on ch, yield Ag globule which is brittle with Sb, 

(2) Subl. on ch. When Pb and Sb are present or have 
been added, the subl- of PbO and 8b203 on ch, is colored 
reddish to deep lilac by Ag. 
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(3) AgCl Ppt, Dissolve the mineral in cone. HNO3 and 
dilute the sol.; add a few drops of HCl or a little common 
salt and a white ppt, of AgCl forms, Darltena on exposure 
to light and is sol. in ammoma. Collect ppt, on fitter paper 
and test according to (1) above. 

SoDiuu (Na; univalent; at.wt, 23) 

(1) Flame Color. Deep yellow, invisible throi^h dark 
blue glass. For non-vol. silicates mix powdered mineral with 
equal volume of powdered gypsum and heat on the point of 
a Pt wire which has been previously moistened so that powder 
will adhere. 

(2) Alkaline Reac. Some Na minerals, like those con- 
taining most other alkalis and the alkaline earths, give alkaline 
reac. on moist turmeric paper after ignition. 

For Na in silicates, see Silicon (2). 

Strontium (Sr; bivalent; at.wt. 87.6) 

(1) Flame Color. Crimson, from fragment in forceps or 
from powder on Pt wire moistened with HCl (faint yellow 
through green glass). Much like the Li 3ame; redder than 
the Ca flame and more persistent. 

(2) Alkaline Reac. Like many minerals containing alkalis 
and other alkaline earths, .'some Sr minerals give alkaline 
reac. on moist turmeric paper after ignition. No Li minerals 
give this reaction. 

{3) Sulphate ppt. A sol. of a Sr mineral gives a white 
ppt. of SrSO* on addition of a few drops of dil. H2SO* (dif. 
from Li) if sol. is not very dilute or too much acid. Ppt. 
does not dissolve on addition of water and boiling, as does 
CaSO^. This test is useful for silicates and phosphates, 
which do not yield tests (1) and (2), 
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SuLPHUB (S; bivalent and sexivalent; at.wt. 32.1) 

Sulphides: 

(1) Fumes in o.t and on ch. Finely powdered sulphides 
in o.t. give sharp pungent SO2 fumes, which give acid reac. 
on mobt litmus paper in upper end of tube. With Fe and 
Cu some white fumes of SO3 appear and H2SO1 condenses 
in the tube. Similar r^ults on ch, in o.f,, but less delicate. 
Some sulphides give blue flame from burning 8 on ch. 

(2) Subl. in c.t. Some sulphides yield in c,t. a subl. of 
S, which is a reddish liquid while hot and a yellow solid when 
cold. 

(3) Reac. mth Soda. Fuse powdered mineral b.b. on 
Pt foil, ch., or a flake of miea, with 3 volumes of soda, place 
the mass on clean Ag and moisten with water; a black stain 
of Ag2S forms. The fused mass moistened with HCl yields 
HgS, as in (5) below. This test is not rehable in the presence 
of Se and Te. Also the gas or ch. may give a slight reac. for S. 

(4) Sol. in HHO3. In hot cone. HNO3 sulphides are 
oxidized with the formation of H2SO4 and red NO2 fumes. 
Dilute part of the sol. and add BaCl2; a white ppt. of BaS04 
forms. Free S may also float on the solution, either yellow 
or black with particles of the mineral. 

(5) H2S with HCl. Some sulphides dissolve in HCl 
with the evolution of H2S gas, which is recognized by its 
offensive odor. 

Sulphates: 

(!) BaS04 ppt. BaCk added to a dil. HCl sol. of a sul- 
phate gives a white ppt. of BaS04, which does not dissolve 
on addition of water and boiling, as does CaS04. 

(2) Reac. with Soda. Fuse the powdered mineral with 
equal volume of powdered ch. and 2 volumes of soda on ch., 
Pt foil, or a flake of mica till effervescence ceases; then test 
on Ag or with HCl as in (3) for sulphides. 
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Tellurium (Te; bivalent; at.wt. 127.5) 

(1) SubL on ch. Heated in o.f. on ch. a white aubl. of 
TeOs forma near assay, resembling Sb203. Subl, is vol. in 
r.f . and ff.vea a pale greenish color to the flame. 

(2) Subl. in o.t. Similar to results on ch.; subl. volatilizes 
very slowly and fuses into globules which are yellow while 
hot and white or colorless when cold. 

(3) Subl. in c.t. Metalhc globules of Te and white subl. of 
TeOa, as in (2), form in c.t. 

Tin (Sn; tetravalent; at.wt. 119) 

(1) Metal and Subl. on ch. The powdered mineral fused 
on cb. in r.f. with equal volume of powdered ch. and 2 volumes 
of soda gives globules of white malleable Sn, which are bright 
in r.f. and become dull in the air. Long-continued ignition 
pves a white subl. of SnOa on ch. In somewhat cone, warm 
HNO3 the metal does not dissolve but forms white HzSnOa. 
Distinguished from Pb and Bi by accompanying subl. on ch. 
and from Ag by subl. and dull surface of globule in air. 

Titanium (Ti; trivalent and tetravalent; at.wt. 48.1) 

(1) S.pli. Bead Reac. In o.f. yellow while hot, colorless 
cold; in r.f. yellow hot, delicate violet cold. Best reduced 
with a granule of Sn on ch. When other coloring elements 
are present use the next test (2). 

(2) Color of Sol. After fusion with borax or soda and 
solution in HCl, the sol. assumes a delicate violet color on 
boilii^ with Sn. 

(3) Test with H2O2. Fuse the mineral with soda, boil 
in a small amount of cone. H2SO1 and an equal volume of water 
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till clear. Dilute and add H3O2; the sol. becomes redh.-yellow 
to amber, according to the quantity of Ti. 

TONQSTEN (W; sexivalent; at.wt. 184) 

(1) S.ph. Bead Reac. Id o.f. colorless; in r.f. green hot, 
fine blue cold. 

(2) Residue in HCl. When decomposed by HCl a yellow 
residue of "WOa is obtEuned. Add Sn and continue boiling; 
a blue color is obtained, which finally changes to brown. 

(3) Fusion with Soda. If insol. in HCl, fuse powder on 
Pt wire with 6 volmnes of soda, pulverize and dissolve in water, 
filter, acidify with HCl, and boil with Sn. The blue sol. is 
obtained as in (2). 

Ubanium (U; tetravalent and sexivalent; at.wt. 238.5) 

(1) S.ph. Bead Reac. In o.f. yellow while hot, yelh.-green 
cold; in r.f. a fine green. 

Vanadium (V; pentavalent; at.wt. 51) 

(1) S.ph. Bead Reac. In o.f. yellow to deep amber, fadii^ 
a little on cooling; in r.f. dirty greenish while hot, fine green 
cold. 

Zinc (Zn; bivalent; at, wt. 65.4) 

(1) SuW. on Ch. Fuse powdered mineral on ch. with J 
its volume of soda and the same amount of powdered ch. 
ZnO subl. near the assay is pale yellow hot, white cold. Where 
ch. is previously moistened with Co(N03)3 sol. the subl. is 
green. 

(2) Flame Color. A large fragment heated near the tip 
of the blue fiame colors it in streaks a vivid pale bluish-green. 
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(3) Change ot Color. Many Zn minerals are straw-yellow 
or canary-yellow while hot and white when cold. 

Zirconium (Zr; tetravalent; at.wt. 90.6) 

(1) Turmeric Paper Test Fuse the powdered mineral 
with soda in a loop of Pt wire and dissolve the bead in a small 
amount of HCl. Turmeric paper placed in the solution 
assumes an orai^ color, which is detected by comparing with 
a piece of turmeric paper in another tube containit^ only acid. 
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There are six systems of crystdlization to which all crystals 
may be assigned. These are distinguished by degrees of sym- 
metry, which is usually expressed in tenns of lengths and 
inclinations of certain lines assumed in the crystal and called 
crystallographic axes. 

(1) Is(mietric System. Three equal axes at right angles 
to each other. The simple forms and some of the combina- 
tions are shown in Figs. 11 to 30. 




FiQ. 15. 



Fig. 16. 



Fia. 17. 



Fig. 18. 



Isometric Crtstals: Fig, 11, Ootuhedron (111); 12, Trisoctahedroa 
(221); 13, Trapezohedron (211); 14, Hexoctahedron (321); 15, Cube, 
or hexahedron (100); 16, Tetrahexahedron (210); 17, Dodecahedron 
(110); 18, Combination of dodecahedron and trapezohedron. 

47 
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Fio. 27. 



Fia. 28. 



Fia. 29. 



Fia. 30. 



IsOMETHic Cbtstaia: I'ig. 16, Combmation of cube and octahedron; 
20, Combinatoit of cube, octahedron, and dodecahedron; 21, Combina- 
tion of octahedron and dodecahedron; 22, Twinned cubes (a penetration 
(wn); 23, Tetrahedron (111); 24, Trietetrahedron (211); 25, Deltohedron 
(221); 26, Hextetrahedron (321); 27, Combination of tetrahedron and 
trist«trahcdron (tetrahedrite); 28, Pyritohedron (210); 29, Diploid (321); 
30, Combination of cube and pyritohedron (pyrite). 
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(2) Tetragraal ^rstem. Three axes at right ai^ea to 
each other; two are equal and the third is shorter or longer 
(Figs. 31 to 39). 






Fia. 36. 



. 37. 



Fio. 38. 



Fio. 39. 



Tetragonai. Cbtstai^: Fig. 31, Pyramid of the first order (111); 
32, Pyramid of the eecoad order (101); 33, Ditetragonal pyramid (212); 
34, Ditetragonal prism (210); 35, Prism of the first order (110); 36, 
Prism of the second order (100); 37, Combination of first order prism 
and pyramid with second order prism (vesuvianite); 38, Ckimbinatiou of 
basal pinacoid with the same fonns as F^. 37 (vesuvianite); 39, Tvin 
crystal of cassiterite (a contact lurin). 



(3) Hexagonal System. Three equal axes at 60° to eaflh 
other in a horizontal plane; a fourth axis at right angles to 
these, vertical, is either shorter or loiter (F^. 40 to 51). 
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Fia. 41. Fig. 42. Fio. 43. 




Fig. 48. 



Fia. 49. 



Fio. 50. 



Fig. 51. 



Hexagonal Cbystalb: Fig^ 40, Pyramid (1011); 41, Dihexa^nal 
pyramid (2131); 42, Prism (1010); 43, Dibexagonal priflin_(2130); 44, 
Combination of prism and pyramid; 46, Rhombohedron (1011) (calcite)i 
46, Rhombohedron (0^1) (calcite); 47, Combination of the two preced- 
ing rhombohedronB (calcit«); 48, Scalenohedron (2131) (calcite); 49. 
Combination of acalenohedron and rhombohedron (calcite); 50, Com- 
bination of rhombohedron (0112) and prism (calcite); 51, Hemimorphio 
crystal (tourmaline). 
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(4) Ortiiiorlioiiibic System. Three unequal axes at right 
angles to each other (Figs. 52 to 59). 













,'-'"" 


h— 







/f7\ 



Fia. 56. 



Fig, 57. 



^ti/ 



Fio. . 




Fig. 69. 



Okthorhombic Crtstals; Fig. 52, Combination of pinacioda (100), 
(010), and (001); 53, Combioation of basal and bracby pinacoids with 
prism (110) and macro dome (101) (staurolite) ; 54, 55, Penetration 
twins (stjiurolite); 56, Pyramid (111) (sulphur); 57, Combination of pyra- 
mids (111) and (113) (sulphur); 58, Combination of prism, pyramid, 
domes, and pinacoids (chrysolite); 59, Combination of prism, domes, and 
basal pinacoid (celeatite). 



(5) Monodinic ^stem. Three unequal axes, two of which 
are inclined to each other and are at right angles to the third 
(Figs. 60 to 66). 
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Fio. 60. Fia. 61. 



Fia. 62. 



Fia. 63. Fia. 64. 



MoNocuNic CRraTAif; Fig. 60, Hemipyramid (111), prnm (UO), 
and clino pinacoid (010), in combination (gypaum); 61, Contact twin 
(gypsum); 62, Combination of bemipyramidB (111) (221), prism (110), 
and pinacoids (100), (010) (pyroxene); 63, Combination of same forms 
with basal pinacoid (001) (pyroxene); 64, Combination of prism (110), 
pinacoids (010) (001), and hemi-ortho domes (101) (201) (orthoclase); 
66, Penetration twin (orthoclase); 66, Prism (110), pinacoids (010) (001), 
and hemi-ortho dome (201) (orthoclase), 

(6) Triclinic System. Three unequal axes, all inclined to 
each other (Figs. 67, 68). 




Fig. 65. 



Fia. 66. 



Fig. 67. 



Teiclinic Crtstalh: Fi«. 67, Combination of tetra-pyramids (HI) 
(111), hemi-priBma, (110) (110), macro puiacoid (100), and macro dome 
(201) (axinit«); 68, Combination of brachy pinacoid (010), basal pina- 
coid (001), hemi-prisma (IJO) (110), and tetra-pyramids (HI) (111) 
(albite). 
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DESCRIPTIVE AND TECHNICAL TERMS 

The following terms are commonly used in describb^ the 
characters of minerals. 

Acicular. In slender needle-like crystals. 

Adamantine. See Luster. 

Amorphous. Non-crystalline structure, like opal or glass. 

Anhydrous. Not yielding water in the closed tube. See 
Hydrous. 

Arborescent. Branching like a tree; dendritic, 

Bladed. Flattened and elongated, like a knife blade. 

Botryoidal. With a surface consisting of small rounded 
prominences, somewhat like a bunch of grapes pressed closely 
together. 

Brittle. Breaks to powder when cut or hammered. 

Capillary. In hair-like or thread-hke cyrstals. 

Cleavage. The capacity for beii^ apht with smooth planes 
in certain fixed directions, generally parallel to common 
crystal faces. Cleavage is perfect when the mineral splits 
very easily. Directions are expressed by the names of the 
crystal forms; as cubic, parallel to the faces of a cube; octahe- 
dral, parallel to the faces of an octahedron, etc. Compare 
Parting. 

C<dumnar,. Parallel grouping of prisms or columns. 

Compact. Being a firm a^regate of exceedii^ly minute 
particles, like clay. 

Conchoidal. See Fracture. 

Crystalline. Havii^ regular structure, which, in the ab- 
sence of crystals, is often shown by cleavage. 

63 
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Dendritic. Branching like a tree or like fern leaves; arbo- 
rescent. 

Drusy. Covered with minute crystals, giving a rough 
surface with many glittering faces. 

Dull. Without luster or shine of any kind. 

Earthy. Clay-like, dull, and composed of minute particles. 

Elastic. Sprin^ng back when bent, as in plates of mica. 

Fibrous. Composed of minute tlireads, usually with a 
satiny luster, like asbestos. 
. Flexible. May be bent without breaking. 

Foliated. Separatii^ readily into thin plates; lamellar. 

Fracture. The manner of breaking that does not produce 
smooth planes of cleavage or parting; designated as c<mchoidal 
when rounded or curved surfaces are produced; uneven when 
rough and irregular; hackly, sharp, jagged surfaces, like broken 
metals; splintery when elongated splinters or needles are 
produced. 

Fusibility. Capacity for being fused or melted in the 
blowpipe flame. 

Globular. Having a surface composed of rounded prom- 
inences, somewhat larger and more prominent than botryoid^. 

Glowing. Emission of a bright l^bt when intensely heated; 
a property of infusible substances, particularly oxides of Ca, 
Mg, Zr, and Th. 

Granular. Consisting of crystalline grains or particles of 
about uniform size. 

Greasy. See Luster. 

Hackly. See Fracture. 

Hardness. Resistance to beii^ scratched, commonly indi- 
cated by numbers according to the following 10 minerals, 
called the Scale of Hardness: I. Talc; 2. Gypsum; 3. Cal- 
cite; 4. Fluorite; 5. Apatite; 6. Orthoclase; 7. Quartz; 8. Topaz; 
9. Corundum; 10. Diamond. With a little practice the degree 
of hardness can be determined very closely by the Use of the 
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finger nail (a little above 2), a knife blade (a little above 5), 
and a piece of quartz (7), by noting the ease or difficulty with 
which a mineral is scratched by one of these. 

Hemimorphic. Having crystals with the opposite ends 
differently terminated. 

Hydrous. Yielding water when heated in the closed tube; 
from water of crystallization, hydroxy!, or acid hydrogen. 

Iridesceni. Having colors like a soap bubble; often due 
to a thin coating or a slight surface alteration. 

Isomorphic. Elements or compounds capable of replacing 
each other in all proportions or of crystallizing together to 
form homogeneous mixed crystals are called isomorphic. Thus 
calcite, CaCOs, may contain varying amounts of MgCOa, 
FeCOa, and MnCOa; Fe, Zn, Pb, and Ag may replace part 
of the Cu in tetrahedrite (gray copper ore) ; etc. 

Lamellar. See FoHated. 

Lusier. The appearance of a mineral due to its manner 
of reflecting and refracting light; designated as metallic, the 
luster of a metal; submetallic, m^tallmdal, somewhat like a 
metal. Metallic and submetallic minerals are opaque and give 
very dark-colored powder or streak. Non-metallic lusters in- 
clude vilreotis, like glass; adamantine, brilliant, like diamond; 
resinous, the appearance of resin; greasy or oily, as if slightly 
oiled; pearly, like mother of pearl; silky, hke satin, due to 
parallel fibers. 

Magnetic. Capable of attracting the magnetic needle or 
of being attracted by a steel magnet. Some pieces of magnetic 
minerals will act as magnets themselves, as magnetite, pyr- 
rhotite, and platinum. 

Malleable. Capable of being hammered into flat pieces, 

Mammillary. Having a smooth surface with rounded 
hummocky protuberances. 

Massive. Without crystal form or faces. 

Metallic, Metallodial. See Luster. 
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Micaceous. Cleaving easUy into very thin sheets, like 
mica. 

Nodular. In rounded lumps or nodules. 

Oily. See Luster, 

OoliUc. Composed of minute rounded grains, like fish roe. 

Opalescent. Having a milky or pearly internal reflection. 

Parting. A splitting much like cleavage but occurring 
only at certain irregular intervals, while cleavage can be pro- 
duced as readily at one point as another. 

Pearly. See Luster. 

Phosphorescent. Giving off light when gently heated — 
below red heat. 

Pinacoidal. Parallel to the faces of a pinacoid, as cleavage, 

PisdlUic. Consisting of rounded particles about the size 
of peas. 

Prismatic. Parallel to the faces of a prism, as cleavage; 
also said of crystals that are elongated in one direction. 

Pseudomorpkic Having the crystal form of another min- 
eral, owing to alteration, replacement, etc. 

PyramidtU. Parallel to pyramid faces, as cleavage; or 
having faces that meet in a point. 

Pyroelectric. Becoming electric so as to attract minute 
particles of tissue paper and other light bodies when moderately 
heated. A small fragment of the mineral is generally best. 

Radiated. Having fibers, columns, or plates diverging from 
a central poitft. 

Reniform. Having a smooth, rounded, kidney-like surface. 

Resinous. See Luster. 

Reticulated. Slender crystals crossing like the meshes of a 
net, 

Sectile. Slices or shavings may be cut off with a knife. 

SUky. See Luster. 

Specific Gravity. Weight compared with an equal volume 
of water: thus a mineral of G, 2.5 is two and a half times as 
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heavy as water. When the weight of a mineral in air is a, 

and its weight in water is w, G= , A chemical balance 

may be used or one specially designed for this purpose. 
Whether a mineral is high or low specific gravity or inter- 
mediate can generally be judged by the hand without weighing. 

Splendent. Having a brilliant luster. 

Splintery. See Fracture. 

StalactUic. In icicle-like pendant forms. 

Streak. The color of the fine powder of a mineral or of 
the mark it will make on a harder white substance. The 
streak plate of dull white porcelain ia convenient for testing 
minerals below 5.5 in hardness. The same result is obtained 
by grinding a particle of the mineral in a mortar or between 
hammer and anvil, if these are entirely clean and free from 
rust. 

Striated. Marked with fine parallel lines or grooves. 

Stdmietallic. See Luster. 

TabiUar. In broad flattened crystals. 

Tarnish. A color different from the fresh mineral, caused 
by alteration of the surface. 

Uneven. See Fracture. 

Vitreous. See Luster. 
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Silver (Ai^ntum). . . . 

Aluminum 

Arsenic 

Gold (Aurum) 

Barium 

Beryllium (see Gluci- 

Bismuth 

Bromine , , 

Carbon 

Calcium 

Columbium 

Cadmium 

Cerium 

Chlorine 

CobaiL 

Chromium 

Caesium 

Copper (Cuprum) . . . . 

Dysprosium 

Erbium 

Europium 

Fluorine 

Iron (Ferrum) 

Gallium 

Gadolinium 

Germanium 

Glucinum 

Hydrogen 

Helum 

Mercury (Hydrargy- 



4tomio 




Weight. 




3fl8H 


Ho 


107. 8f 


[ 


27.1 


In 


74.9fl 


Ir 


197,2 


K 


11,0 


Kr 


137.37 


U 




IJ 




Lu 


208.0 


M^ 


79.92 


Mn 


12M 


Mo 


40,07 


N 


93,5 


Na 


112. 4( 


Nh 


140.25 




35,46 


Nri 


58.97 


Ne 


52.0 


Ni 


132.81 


Nt, 


63.51 


O 


162.5 


ih 


167,7 


P 


152.0 


Ph 


19.0 


PH 


55.8^ 


Pr 


69.9 


Pt 


157.3 


Ka 


72.5 


Tth 


9 1 


Kh 


1 00? 


Ku 


3.9S 


M 




Kb 


200.6 


He 



Holmium 

Indium .'. , . 

Iridium 

Potaesium (Kalium) , . 

Krypton 

Lanthanum 

Lithium 

Lutecium 

Magnesium 

Manganese 

Molybdenum 

Nitrogen 

Sodium (Natrium). . . , 
Niobium (see Colum- 

Neodymium 

Nickei.'.."! 

Niton 

Oxygen 

Osmium 

Phosphorus 

Lead (Plumbum) . . . . 

Palladium 

Praseodymium 

Platinum 

Radium 

Rubidium 

Rhodium 

Ruthenium 

Sulphur 

Antimony (Stibium) . . 
Scandium 



163.45 
126.92 
114.8 



31.04 
207.10 
106.7 



101.7 
32.07 
120.2 
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CHEMICAL ELEMENTS— rorUmiMtJ 



*^' 


Ekm-Dt. 


We^bt. 


%r 


ElQmrnt. 


Atoniio 

WriRht. 


Se 


Selenium 


79.2 
28.3 

150.4 
119.0 

87.63 
181.5 
159.2 
127.5 
232.4 

48.1 
204.0 


Tu 
U 

V 

w 

X 
Y 

Yb 
Zn 
Zr 


ThuUum 


168.5 




Stunarium 

Tin (Stannum) 






Sa 


Tungsten (Wolfram!- 






Tantalum 








Yttrium 

Ytterbium 

Zinc 












Thorium 

Titanium 
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ABBREVUTIOHS 

(For aymbols of chemical elements, see page 58)* 



' Syatem of Minera]<^y " 



abund. 


abundant 


acic. 


acicular 


adamant. 


sdamantine 






am.moL 




amorph. 


amorphous 


amt. 


amount 


anhydr. 


anhydrouH 


Ap.I, II 


Appendix I or 11 to Dana's 


at.wt. 


atomic weight 


b.b. 


before the blowpipe 


bd. 


bead 


blk., bikh. 


black, blackish 


hot. 


botryoid^ 


bp. 


blowpipe 


bm., brnh 


brown, brownish 


C, cleav. 


cleavage 


capil. 


capillary 


ch. 


charcoal 


col. 


color, colored 


COlB. 


colorless 




concentrated 


conch. 


conchoidal 


cp. 




c.t. 


dosed tube 


dif. 


difficultly 


dil. 


dilute 


disting. 


distinguished 


dk. 


dark 


dodec. 




efferv. 


effervesces, effervescence 


F.. fract. 


fracture 


fibr. 


fibrous 


flex. 


flexible 


fol. 


foliated 


fus. 


fuaee, fusion, fusibihty 
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G.. sp.g. 


Bpecific gravity 


gel. 


gelatinizes, gelatinous 


gran. 


granular 


gm., gmh. 


green, greeniah 


gry-i gryh. 


gray, grayish 


H. 


hardness 




bemimorphic 


hex. 


hexagonal 


ign. 




incruBt. 


incrustation 


intumea. 


intumeeces, intumescence 


iao. 


isometric, isomorphic 


lamel. 


lamellar 


It, 


light 


ttiftmrnjl 




mm. 


milUmef^r (1-25 inch) 


mag. 


magnetic 






mon. 


monoclinic 


aon-mag. 


Don-magnetic 


non-vol 


nonvolatile 


oct. 


octahedral 


o.f. 


oxidizing flame 


opaq. 


opaque 


orth. 


orthorhombic 


o.t. 


opeD tube 


p.. part. 


parting 


per. 


perfect 


phya. 


physical 


pinac. 




ppt. 


precipitate 


prum. 


prismatic 


pseudm. 




pyr- 


pyritohedral 


pyram. 


pyramidal 


rad. 


radial, radiating 


nlh. 


reddish 


reac. 


reacts, reaction 


res. 


residue, resinous 


rhom. 


rhombohedral 


S. 


Dana's " System of Mineralt^o- ' 


ail. 


eUica (SiOO 


sol. 


soluble, solution 


eomet. 




apg., G. 


specific gravity 
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e.ph. 




^nt. 


apbntery 


at. 


Htreak 


mibl. 


aublimat« 


Bubmet. 


submetallic 


T. 


Dana's " Textbook of Mineralogy 


tab. 


tabular 


lar. 


tarnishes, tamiah 


temp. 


temperature 


tetr. 


tetragonal 


tetrh. 


tetrahedral 


transp. 


transparent, transparency 


transl. 




tri. 


triclinic 


US, 


usually 




vesicular 


vitr. 


vitreous 


vol. 




w. 


with 


wh., wbh. 


white, whitish 


X]., Xl8. 


crystal, crystals 


Xbl. 




yel., yelh. 


yellow, yeUowish 
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PRECAITTIONS CONCERinilG THE USE OF TABLES. 

(1) All tests should be made upon fresh material, preferably 
crystalline. If an impurity is known to be present its effect 
must be carefully allowed for and not attributed to the mineral. 

(2) All tests must be made with care and only clear, decided 
reactions taken into account. Weak, uncertain results may 
be due either to a small amount of some impurity or to careless, 
or hasty manipulation. 

(3) Physical properties, such as luster, color, and hardnest^, 
muRt be determined on clean, fresh surfaces. 

(4) The powdered mineral to be used in the various tests, 
should be prepared by crushing and grinding (not poundii^) 
small grains of pure material in an agate mortar (if not harder 
than 6-5) or under a hammer on any clean surface of iron or 
steel. If the mineral is rare and but little can be used for 
determination a steel "diamond" mortar may be used, or 
fragments may be wrapped in 2 or 3 folds of paper and pounded 
with a hammer. 

(5) The tables are constructed on the plan of eliminating 
one group of minerals after another until the proper species 
is found; hence the order as given must be followed strictly, 
both in the general table and in the sections to which it refers. 

(6) E^ch test should be recorded as soon as made whether 
results are negative or positive. This may be done in system- 
atic order in a notebook or on blanks provided for that purpose. 
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GENERAL TABLE 
J. Metallic or Submetiliic Luster. 

The Htreak is black or dark colored. Section Page 

A. Fusible, at least od thin edges (fus, 1-5), or volatile. 

1. Areenic minerals. — A white sublimate forms on charcoal 

far from the assay; usually also gives a garlic odor , , 1 66 

2. Antimony minerals. — A dense white sublimate forms 

on the charcoal near the assay 2 68 

3. Sulphides not previously included.- — Fmnes of sulphur 

dioxide are given in the open tube, if not on charcoal, 
and acid reaction on moist blue litmus paper placed 
in the upper end of the tube 3 70 

4. Not previously included 4 72 

B. Infusible or nearly so (fus, above 5). 

1. Iron minerals .^Become strongly magnetic after heat- 

ing in the reducing flame and cooling 5 76 

2. Manganese minerals. — A minute quantity gives a 

manganese reaetion in soda or borax bead; soluble in 
hydrochloric acid with evolution of chlorine gas . , , . 6 78 

3. Not previously included 7 78 

n. Without UetaUic Luster. 

The streak is bght-eolored or white. 

A. Easily volatile or combustible 8 80 

B. Fusible, at least on thin edges (fus. 1-5), or slowly or parti- 

ally volatile. 
Part I. Give a globule of metal when fused with an equal 

volume of powdered charcoal and 3 times its volume 

of soda on charcoal. 
■ 1. Lead minerals. — Globules of lead and a yellow coating. 

With "bismuth flux" a chrome-yellow coat, darker 

while hot 9 82 

2. Copper minerals. — Globule of copper; copper reactions 

in acids 10 84 

3. Silver minerals. — Silver globule, brittle when containing 

antimony 11 84 

4. Bismuth minerals. — Brittle bismuth globules and yellow 

BubUmate. A red sublimate with "bismuth flux".. 12 86 
64 
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Part II. Become magnetic after heating is the reducing 
flame and cooling. Iron, cobalt, and nickel minerals. 

1. Soluble in hydrochloric acid without residue* or gelat- 

inous silica upon evaporation 13 86 

2. Soluble in hydrochloric acid with the formation of 

gelatinous silica or decomposed with separation of 

silica 14 88 

3. Insoluble in hydrochloric acid or nearly so IS 90 

Part III. Not included in the foregoing parts 1 and II. 

1. Alkaline reaction on moist turmeric paper after intense 

ignition. 

a. Easily and completely soluble in water 16 92 

6. Insoluble in water or slowly or partially soluble, ... 17 94 

2. Soluble in hydrochloric acid without residue' or gelal^ 

inous silica upon evaporation. 18 96 

3. Soluble in hydrochloric acid with the formation of gelat- 

inous silica upon evaporation. 

o. Give water in the closed tube 19 98 

6. Little or no water given off in the closed tube 20 100 

4. Decomposed by hydrochloric acid with separation of 

silica but without complete solution or the formation 
of jelly. 

a. Give water in the closed tube 21 103 

b. Little or no water in the closed tube 22 104 

5. Insoluble in hydrochloric acid or nearly ao 23 106 

C. Infusible or nearly ao (fus. above 5). 

1. Alkaline reaction on moist turmeric paper after intense 

^nitioQ 24 116 

2. Soluble in hydrochloric acid without residue* or the 

formation of gelatinous sihca upon evaporation. ... 25 118 

3. Soluble in hydrochloric acid with the formation of 

gelatinous silica upon evaporation 26 120 

4. Decomposed by hydrochloric acid with separation of 

silica but without complete solution or the formation 

of jelly 27 122 

5. Insoluble in hydrochloric acid or nearly so. 

a. Can be scratched with a knife; not so hard as glass. . 28 124 
6. Cannot be scratched with a knife; as hard aa glass or 

harder 29 126 

* This is on the assumption that only the pure mineral is being tested. 
It often happens, however, that insoluble impurities are present, either 
as inclusions in crystals or in admixture with granular and earthy minerals. 
Such impurities must be carefully looked for, and due allowance must 
be made for them when their presence is known. 
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Name. 


Composition. 


Mas. Blobule on cb. 


As and S reac. in o.t. 

As in c.t. 


ARSENOPYRITE 

T303 S97 


FeAsS 
(Ci.i».w.Fe> 




As, but little or no S 


LelUngite 
Tmt S96 


FeAsi to FeiAa, 


Cu flame on oh. after roasl- 
ine and moiHtemng with 
HCl. SCfuroeainct. 


Diating. by phys.prop- 
erties. 


'"T?fn»7 


CuiAsS. 


TENNANnre 
T313 8137 


CuiAsA 
lAt. Za. Fe. Sb. h 




Agw.Bodaonch. 
(Cp. polybaaite) 


T 315 Ap.I. 60 


(Ag,Cu}^BS. 


Cu flaine on ch. as above; no 
SO, fumes in o.t. 


Diating- by phys. prop- 
erties. All tar. to 
bnh. color. Whit- 
nevile is rdh. on 
rubbed surface. 


Domeykite 
T286 844 


C\i,Ab 




Algodonite 
T286 845 


CuiAs 




Whitneyite 
T2S6 846 


CuiAs 


Co in borai bd. after roaet- 
ins. Rowcol. sol. inconc. 
HNO.. 
(Cp. Ni minerals, below.) 


As Bubl. in c.t. 


tSoI 887 


CoAs, 

(Fe. NI Ml. w. Col 


As and S reao, in o.t. 


Cobaltlle 

T301 SS9 


CoAsS 




aiBUCOdot* 

T304 SlOl 


(Co,Fe)AaS 


Ni in borax bd. after roast- 
ing. (May be masked by 
Co.) Apple-gnt. sol. in 


As subl. in c.t. 


'¥sr'SS- 


NiAs, 


As in c.t. on intense 


sE?r 


NiAs 




AaandSreac. ino.t. 


T302 890 


NiAsS 
(Fb. Co tto. w. NI) 


Vol. on ch. without fusion 


As subl. in c.t. 


Arimlc 

T274 811 


As 

(Sb IB. w. Art 


Pt ppongB in o.t. (Heat 
gentty at first.) 


PtinsolinanysinBlo 
acid 


'¥S"S. 


PtAs, 
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i». 


Color. 


Stte«k. 


Hard- 


Specific 
Gravity, 


Fuai- Cryatallua- 

bUity. 1 tioD. 


Cleavage and 
Fracture. 




Ae-wh. to 
Fe-gry, 


Blk. 


5-5-6 


6.9-6.2 


2 


Orth.; 

ua. iIh. 


R=n 


Jl>. 


Ag-wh. to 

Btesl-gry. 


Blk. 


6-5-5 


7.0-7.4 


2 1 Orth.; 

US. masa. 


C- bajal 
F. uneven 




Gryh-Wk. 


Gry-blk. 


3 


4.43-4.45 


1 ; Orth.; 

1 u,..l.. 


C. rrism.. p<r. 


ib.ko.} 


"i-lts- 


Blk. to dk.| 3-4 
cherry-red; 


4.37-^.49 


1.5 


Ibo. tetrh.: 
xls. & mass. 


F. uneven 




Blk. 


Blk. 3 


6.12-6.17 


' 


Mon.; tabular 


F. conch. 




Sn-wh. to 
8teel-gry. 


Cry. 3-3.5 


7.2-7.75 


' 


Maasive 


F. uneven 




8teel-gry. 


Gry. 4 


7,63 




MaKHVB 


F. uneven 




Pale rdh. 
to giyh-wh. 


Ag-wh. 3.5 


8.4-8.6 


2 


Massive 


^t?^ 


=0) 


Sn-wh. 


Blk. 1 5.5-6 


6.4-6.6 


2.5 


Iso. pyr.; 


C.oet. 
F. uneven 




Ag-wh to gry. 
w. rdh. t^e 


Blk, 5,5 


6-6.3 


2-3 


IBO. pyr.; 
us. xU. 


C. cubic, per. 




Gryh-wh. 


Blk. ; 5 


5.90-6.01 


2-3 


Orth. 


C. basal 


,„ 


Sn-wh. 


Gryh-blk. 1 6.S-6 


6.4-6.6 


2 


Iso, p.vr.; 
Xta. mass. 


C.oet. 
F. uneven 


:.• 


P&le Cu-red. 


Pale 1 5-S.5 
bmh-blk. 


7.33-7.67 


2 


Hex.; 


F. uneven 


1, 


Sn-wh. 


Blk. j 5.5 


6.6-6.2 


2 


Iso. pyr.; 


C. euhie 
F. uneven 




Sn-wh. 1 tar. 
dk.gry. 


Gry. 1 3.5 


5.63-5,73 


Vol. 


Hex. rbom.; 
ua. gran. 


C. basal, per. 




Sn-wh. 


Bik. j 6-7 


10.60 


2 


Iso. pyr. 


F. conch. 
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Name. 




on oil.; aoPbreac. 


Wh. ^owly vol. subl. 


Antimony 
T273 812 


Sb 




SO. and wh. non-vol. 
subl. in o.t. 


STIBMTE 


8b^, 


Pli reftc. after roastiiis and 
fus. on ch. w. "bismuto 


As reac. with HNO, 


Freicslebenite 
T309 8i;:4 


(Pb.Ae.)iSb.Sn 




Cu reac. with HNO. 
sol.; steel-gry. 


Bournonlte 

T310 S126 


(Pb.Cii^SbS., 




No As or Cu. Dis- 

tins- by sin. and 
phya. characters 


Jamesonlte 

Tm'"si23 


PbiSbiS. 




Zinkenite 
T307 8112 


PbSbtS, 




T309 siaa 


PblSb^n 


Ak reac. in HNO. wl. w. 
UCli noPb. As globule 
after roastias and fua. w, 
«Hia on ch. Subl. red to 
lilHC when only As, Sb, 
and S are present 


Cu real", in HNO. sol. 
sry. 


FreilMrsite 

^313 S137 


(Cu,Ag}.Sb,Si 
(Fe. z» M. w. Cm) 


Deep red to blk.i st 
Indian-red 


PyrargyriM 

T311 S131 


As>SbS. 




Blk.. stout 6-sided 
(ortJi.) prisms 


Staph an lie 

T3U S143 


A«.SbS. 




plates; triansutat 
markings on basal 


PolybaslU 

T314 8148 


(Ag.Cu)£bS. 

{ASIW.W.SW 




Sb and Ar reac. No 3 


Dyscrasite 
T286 S42 


AB.Sb 


Cu reac. in HNO. sol. No 
Pb or As globule w. soda 


May contain Pb, Ag, 
Zn. Fe, and As 


TETRAHEDRITE 

{any CoppM) 
T312 S137 


Xl^i-SbtS,- V. 
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Color. 


Streak. 


Hard- 


Specific 
Gravity. 


Fusi- 
bility 


CrystaUiiH' 
tion. 


Cleavage and 
Fracture. 




Sn-wh. 


Sn-wh. 


3-3.5 


6.64-8.72 


' 


Hex. rhom.; 


C. Usal. per. 




Po-gry. 


Pb-gry. 


^ 


4.52-4.62 


' 


Orth.; ua.ils. 


C. pioac. per. 




Steel-gry. 


St^al^iry. 


2-2.6 


0.2-6.4 


^ 


Mun. 


F. uneven 






Fe-gry. 


2.5-3 


5.7-5-9 


1 


Orth.; UB. iIb. 


F. uneven 




Blkh-my. 


Gcyh-bik. 


2-3 


5.3-6.0 


' 


Orth.; 
us. capil. 


C. basal, per. 
F. uneven 




Steel-gry. 


Steel-gry. 


3-3,5 


5.30-5.35 


1 


Orth. 


F. uneven 




Bluish 
Pb-gcy. 


BIk. 


2.5-3 


5,76-6.0 


' 


Orth. 


F. smooth 




Steel-Kry. 


Elk., often 
tdh. 


3-i 


4.85-5.0 


1.5 


lao, teUh. 


F. uneven 




Dee^^t. 


-.^■u. 


2,6 


5.77-5.86 


^ 


Hei. rhom.; 
hemimor. 


F. conch. 




Fe-blk. 


Fe-blk. 


2-2.5 


6.2-6,3 


' 


Orth. 


F. uneven 




Fe-blk. 


BIk. 


2-3 


6-6,2 


^ 


Mon. 


F. uneven 




Ag-wh. 


Ag.wh, 


3.5^ 


9.44-9.85 


1.5 


Orth.; 


C, basal 




F^Uk. 


Gry. to 
Fc-blk. 


3-4 


4.4-5.1 


1.5 


Iso. tetrh.. 
Fig. 27 


F. uneven 
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Name. 


.Composition. 


Ag globule in o.f. 
oncb. 


Sectile 


Aritntite 

(Sarir GlUM) 
T288 346 


AgS 


Pb globule and yd. 


NoBi 


OALENA 

T287 348 


PbS 


Cu flame oq ch. af- 
ter roasting and 
moiB eniDg w. 


Mag. in o.f. 

(Stannite on- 
ly after long 
ign.) 


Brass-yel. 


CHALCOPYRITE 

'Sirs'" 


CuFeS, 


purple tar. 


BORNITE 

(P««Hk On) 
T2»7 S77 


CuiFeS. 




Steel-gry.; wh. 
subHu o.f. 


Stannite 


Cu,FeSnS. 




Not mag. in 
o.f. 


Cu in r.f. after 
roasting. Co- 
vellite much 
S in c.t., 
Chalcocite 


CHALCOCITE 


Cu^ 




Covellito 
TZ94 S68 


CuS 




Ag reac. in 
BNO. sol. 


Stromcycrlte 

T290 S56 


<Ag,Cu),S 


Mate- in o.(.; no 
Cu. Contains Fe, 
CoorNi 


sol. in cold couc, HNO, 


PVRITE 

T3CW SS4 


FeS, 




Pale braas-yel. to wh. 
S separatea from cold cone. 
HNO. sol. 


MARCASrxE 

(Wh(M Iron PyrlM) 
T302 S94 


FeS, 




Brnh-bronzo; ua. mag.; at. blk 


PYRRHOTITE 
(MiwroeUc PyrllM; 

T296'"S73 


PeS 




Zn reac. w. aoda on ch. Sub- 
metallic luster 


SPHALERITE 

(ZUKBlHute: 
B1«k JHk) 

T291 S59 


ZnS 




Ni in borax bd. after roasting 
HNO. sol. gm. Millerite 
capillary ila. or velvety 

ppt. w. am. from HNO. sol. 


T295 S70 


NiS 




T?93"S65 


<Fe,Ni)8 




Co in borax bd. after roasting. 
HNO. Bol. rose eol. 


Llnnaeltc 

T297 S78 


(Co.Ni).S, 




Ab Elobule w. bora» on ch. 
Flalcs flexible 


Stsmbenole 
T290 S57 


AgFea, 
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3. 












71 


Color. 


Streak. 


Hard- 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliia- 
tion. 


Cleavage and 
Fracture. 




BIkh-gry. 


Blkh-gry. 


2-2.5 


7.2-7.36 


1.5 


Iso. 


F. conch. 




Pb-gry. 


Pb-gry. 


2.5 


7.4-7.6 


2 


Iso.;us. )a;.or 
grBii. 


C. cubic, per. 




Brass-yel. 


Gcnh-blk. 


3.6-4 


4.1-4.3 


2 


Tet. sphenoid- 
al; U9. mass. 


F. uneven 




Brnh-red 
Purplish tar. 


Pale 
gryb-blk. 


^ 


4.9-6.4 


2.5 


Iso.; us. mass. 


F. uneven 




Steel-gry. to 
Fe-blk. 


Blkh. 


* 


4.3-4.5 


1.5 


lao. tefrh.; 
us. mass. 


F. uneven 




Dk. Pb-gry. 

Blkh. tar. 


Dk. Pb- 
g>T. 


2.5-3 


5-5.8 


2-2.5 


Orth.; 


F. uneven 




Indigo-blue 


-isr" 


1.5-2 


4.59-4.64 


2.5 


Hex.; UB.ma8s, 


C. baaal, per. 




Dk. steel-gry. 


Dk. ateel- 
gry. 


2.5-3 


6,15-6.3 


1,5 


Orth.; 
ua. mass. 


F. uneven 




Palebrass- 
yel. 


Gmb-blk. 
to brnh- 
blk. 


6-6.5 


4.95-5,10 


2.5-3 


Ibo. pyr. 
Fip,. 28, 30 


F. uneven 




Pale yel. to al- 
most wh. 


Gryh. or 
brnh-blk. 


6-6.5 


4.85-4.90 


2.5-3 


Orth,; tabu- 
lar; prj-ain. 


F. uneven 




Yelh-brh. 
bronie 


Blk. 


3.5-4.5 


4.58-4.65 


2.5-3 


Hel.; 


I', basal 
F. uneven 




Dk. bm. to 
blk. 


Lt. to dk. 
brn. 


3.5-4 


3.9-4,1 


5 


Iso. tetr,; 


C. dodec., per. 




Bras&-yel. 


Grnh-blk. 


3-3.5 


5.3-5.65 


1.5-2 


Hei.rhom, ; 


C. rhom. 
F. uneven 




Lt. brODBe 
yel. 


Lt. bron»e 
to brn. 


3.5-4 


4.6 


1.5-2 


Iso. 


C. oot. 
F. uneven 




Pale ateel-gry. 
tar. Cu-red 


Gryh-blk. 


5.5 


4.8-5 


2 


IflO. 


F. uneven 




Bmh-brome 


BU,. 


1-1.5 


*. 1-4.23 


1.5 


Orth. 


C. basa , per. 
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Name. 


Composition. 


Bi reac. w. "bis- 
muth flux" 


ContftinB only Bi and 8 


BlMnuthimu 

T284 838 


Bi.S. 


Mn in boru bd. 


HiSinBCl 


AUbandlta 
T392 804 


MuS 


Rdh-viotet aol. when gently heaMd In CODC. H,BO.. 
— Tellurium mineralB. 


See Section 4. 







Cu reac. w. HNO. aol. 


COPPER 

T278 S20 


Cu 




Ag reac. w. HNO. sol. 
(Cp. amalgam belon) 


SILVER 

T278 819 


Ag 

(Bc™t.w.AB.Cu.Bl, 




Inaol. in UNO.; us. some 


OOLD 

T275 314 


Au 




Insol. inHN0.;inuchA8 


ELECTRUM 

T276 S16 


(Au,A8) 




Gmh-yel. sub!, w. ■bis- 
muth flui" on ch. 


Uad 

T279 824 


Pb 


Native metal, brittle or 
li<iuid 


Bright red subl, on ch, «■. 
■'bismuth flui" 


Bl»mutti 

T275 813 


Bi 




Hb Bubl. in c.t.; amal- 
gam leaves Ag res. 


(QuKlullvir) 
T279 822 


Hg 




"j'ljras 


(Ag.Hg) 


Mag. or be- 
comes so 
Id r.f.Con- 
taine Fe 


LitUeorno 
HiOinct. 

(Continued 
next page) 


Strongly mag. before 
heaUng 


MAGNETITE 

(MKHUoIroDOn: 

Lodaiume) 
T339 S224 


FeFe/). 

<BDmet.M».Mi,.Tll 


NonmaK. or but slightly 
so before heating 


HEMATITE 

T334'^2!S" 


Ferf), 


metalUe) 


■Martite 
T335 8216 


Ferf). 
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Color. 


Streak. 


Hard- 

aeee. 


Specific 
Gravity. 


Fusi- 
biUty 


Cryatalliia- 


Cleavage and 

Fnicture. 




Lt. Pb-Biy. 


Lt. Pb- 
try. 


2 


6.4-6.5 


' 


Orth.; 


C. pioac. per. 




Pe-blk. 
Bm. tar.' 


OUve-gra. 


3.6^ 


3.95-4.04 


3 


Iso. tetr.; 


C. cubic, per. 





















Cu-red, 
Tar. blk. 


Cu-red. 


2.5-3 


8,8-8,9 


3 


Iso.; 


F. hackly 


., 


^fc'.'i.S. 


Ag-wh.. 
shiny 


2.5-3 


10.1-11.1 


2 


Iso.; UB. acic. 
plalea or 


F. hackly 




Au-yel 


Au-ypJ., 
Bhiny 


2.5-3 


15.6-19.33 


2.5-3 


lao.; 


F. hackly 




Yelh-wh. 


Yelh-wh., 

Bhiny 


2.6-3 


13.5-15.5 


2-2.6 


Iso. 


F. hackly 




Pb-gry. . 


P^?^- 


1.5 


11.37 


' 


Ibo.; ua.plates 
aod globular 


F. hackly 




AR-wh., rdh. 


^SS' 


2-2.5 


9. 7-9. S3 


I 


Hex.rhom.; 
UB. gran. 


C. basal, per. 




SQ-Bh. 






13.596 


Vo!. 


Liquid 












Ag-wh. 


AE-wh., 
fhiny 


3-3.5 


13.75-14.1 




Ibo. 


F. uneven 




Fe-black 


Blk. 


5.6-6.5 


5. 17-5. IS 


5-5.5 


Iso.; 
ila.,mas3. 


P. uneven 
P. oct. 




^TiS." 


Dk. red to 
broh-red 


5.5-6.6 


4.9-6.3 


5-5.5 


Hex. rhom. 


F. uneven 
P.bas.otrhom. 




Fe-b!k. 


Rdh-bm. 
plil"bm. 


6-7 


4.8-6.3 


5-6.5 


IBO. 


F. conch. 
P. oct. 
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Name. 






Much H^ 
inct. 


Botryoi'lBi, stalactitic, 
amorphous 


LIMONITE 

But Iron Or) 
T360 3250 


FB.(OH).Ferf),, 




Prismatic ils. 


OOETHITE 

T349 S247 


FeO(OH) 




Rdh-blk.; st. dark rdb- 
brn. 


TURQITE 

T350 8248 


l(FeO(OH)],Fe, O, 




ter: Tenorite in scales 
or earthy 


CUPRITE 
T331 S206 


Curf) 




Tenorite 
T332 S209 


CuO 


W reac. after (ua. w. Boda 
Mas. w. little Boda 


Mn in soda bd. 

(Cp. hilbnerile) 


WOLFRAMITE 

T539 8982 


(Fe,Mn)WO, 




Little or no Ma reac. 


S985 


FeWO, 


Mn in borax bd. 


Slowly bo!, in HCl w. a 
little gel. «1. 


Braunitc 
T343 S232 


3MnMDO,.MnSiO. 


Cb reac. after fua. n. 

bocsi 


Mn in Boda bd. Mag. w 
little soda 


COLUMBITE 

T490 S731 


(Fe.Mn)Cb,0. 




Mn in soda bd.; U in s. 
ph. bd. 


SamarskiW. 
T492 S730 


R".R"',(Nb.Ta)A 
a;;-Pe.<xco, 


Gol. ait. in HCl sol. on 


Fus. w. much intumes. 
Inaol. in HCl after fua. 


Allanlte 
T440 SS22 


R".R"'.(OH>(8iO„, 

R"-OudF« 
B'"-AJ.Ffc*Oni«il 




Stronply mag, after t\>a. 
Little intumcB. 


iWaltc 
T445 S541 


CaFei(FeOH)(SiO,!, 


Te minerals 
Gently 
heated in 
concHaO. 
gives rdh- 
violet sol. 


FuH. and 
wholly 
vol. 


Wh. subl. near assay; 
gm. flame 


Tellurium 

T275 Sll 


Te 


Ag_.,obul. 


May contain Au also 


T289 S47 


AgtTe 




Au w. soda 
onCLUs 
w^some 

(Continued 
next page) 


Slightly seolile to brittle 


T289 S48 


(Ag^u).Te 




Very brittle; cleavable. 
violently b.b. 


Sylvan it> 
T304 £103 


(Au.Ag)Te, 




Krenncrllc 

T306 S105 


(Au.Ag)Te. 
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Color. 


Streak. 


Hard- 


Specific 
Gravity. 


FuBi- 

hility. 


CryatallilV 
tion. 


Cleavage and 
Fracture. 




Dk. bm., blk., 
yel. 


Yelh-bra. 


5-B.S 


3.6-4 


6-5.5 


, br. ; mass. 


F. BpUotery 




Yelh. or redh- 

bm. to blk. 


Yelh-bm. 


5-6,6 


4-1.4 


6-6.6 


Orth.; UB. 
pri»mB 


C. pinac. per. 


••"' 


lidh-blk. 


Dk. rdh- 

bm. 


5.6-e 


4.14-4.8 


5-5.5 


Bolry.; 
incruat. 


F. splintery 




Deep red 


Bmh-red 


3.6-4 


5.85-6.16 


2.5-3 


ISO. 


F. ooneh. 

or uneven 




p.„.» 


Gryh-blk. 


3-4 


5.82-6.25 


3 


Mod.; mass. 


uneven 




Dk. pyh-blk. 
to bmh-blk. 


Blk. 


6-6.6 


7.2-7.5 


3-3.5 


Moi,.;uB.d8. 


C. pinac. per. 




Blk. 


Bmh-bik. 


4r^.S 


6.8-7.11 


3,5 


Mod. 


C. pinac. per 


so. 


Dk. bmh-hlk. 
tn 8teel-gry. 


Bmh-hlk. 


6-6,5 


4.75-4.82 


.... 


Telr. 


?:S=— 




Fe-bUi. to 
brnh-blk. 


Dk.red 

to blk. 


6 


5,3-7.3 


6-5.5 


Orth.;us.xU. , 


F. uneven 




Velvet-blk. 


Dk. rdh.- 
bm. 


6-6 


5.^5.8 


4.6-6 


Orth.;us.masa. 


F. conch. 


».)> 


Brn.topiteb. 


Gn-. 


6.5-6 


3-4.2 


2.5 


Moi>.;uB.mass. 


conch. 


w> 


Fe-blk. 


Blk. 


5.5-6 


3.99-4.05 


2.5 


Orth.; UB. 
priBin. 


F. uneven 




8a-»h. 


Sn-wh. 


2-2.5 


6.1-6.3 




ua. mass.' 


C. prism., per. 




St«el-gry. to 
Pb-gry. 


Gry. 


2.5-3 


8.3-8.5 




Iso.:«^maa8. 


F. uneven 




Steel-ay. to 
Fe-Uk. 


Gry. 


2.6-3 


8.7-9.02 


1.6 


Massive 


F. uneven 




Ag-wh. 


Gry. 


1.5-2 


7 9-8.3 




Mon. 


C. pinac., per. 




brass-yel. 


Gry. 


2.6 ■ 8-35 




Orth.; UB. 


C. basal, per. 
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Name. 


Composition. 






Very brittle; uneven to 
conehoidal fract. 


CalavcrKa 
T31)5 8105 


(Au,Ag)Te, 




Bi w. Boda 
Onch. 


Red Bubl. on ch. w. "bis- 
muth flui" 


T284 S39 


Bi,(Te,S). 




Pb w, Boda 


PbSO. ppt. w. H:SO. in 


Altai te 
T288 S51 


PbTe 




Nagyagite 
T30S 8105 


Au. Pb. Sb, Te, S 



Strongly mag. 
before beating 
ng, (Cp.plat 


Completely Bol. in HCl; sol. reap, 
for both (ecroua and ferric Fc. 
(Cp. ilmenite. below) 


T339 S224 


FeFe,0, 


mag.) 


Malleable, Meteoric Fe and 
some terrestrial Fe contains Ni 


T281 828 


Fe 


Tiin9.ph.bd.w 
8n on ch. 


DiBfing. by xln. and phys. proper- 
ties; ilmenite somet. fJightly 


ILMENITE 

TsaTsJi?" 


FeTiO, 




Pscudobrookite 
T343 S232 


Fe.(TiO,). 


Mn in soda bd. 


Wh. ZnO Eubl. on intense ign. w. 
Boda, borax, and powdered ch. 
onch.; Rrn. w. Co{NO.). 


FRANKLINITE 

T341 S227 


(Fe.Zn.Mn) 
(Fe,Mn)rf). 


Little or no H^ 


heating. Dif. fuB. 


HEMATITE 

Opecutar Iron) 
T334 S213 


Fe.O, 




Martite 
T336 S216 


Fe^, 


H^ in c.t. DiT. 
fuB. 


Mammiltary, botryoidal, atalac- 


Boa Iron On) 
T350 3250 


Fe,(OH)J'erf>, 




Us, prisms 


QOETMITE 

T349 S347 


FeO(OH) 




Us. decrepitates violently in e.t. 


Tureite 

T350 S245 


IFeO(0H)]iFe.O. 
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Color. 


Streak. 


Hard- 


Specific 
Gravrty. 


FuBi- 

bility. 


Crystalliia- 


Cleavage and 
Fracture. 




Pale bionify 
yd. 


Yelh-gry. 


2.5 


S.04 


' 


u^. 


F. uneven 




Pale Bteel- 


Gry. 


1-5-2 


7,2-7,6 


1,5 


Hex. rhom.: 
us, bladed 


C, basoi.. per. 
Lamincc flex. 




broiise-yel. 


Gry. 


3 


8,16 


1.5 


Ik..; us. mass. 


C. cubic 




Dk. Ph^ry. 


Dk.Pb- 


1-1.5 


8.85-7.2 


1.5 


Orth.; UB. fol 


C. pinac.per. 
LaminfB flei. 





Fe-blk. 


Btk. 


5-5-8.5 


5.17-5.18 




lao.; xla., 


P. oct. 
F. uneven 




Steel-gry. 


Steel-Bry, 


4-5 


7.3-7,8 




IBO.; us. mass. 


C. eubic 
F. hackly 




Fe-blk. 


Blk. to 


5-6 1 4.5-5 




Hex. rhom.; us. 
plat«s or 


F. couch. 




Dlt. brn. to 
blk. 


Yelh. or 
rdh-bm. 


6 4.4^.98 




Orth, 


F. uneven 




Po-blk. 


Rdh-brn. 
to blk. 


5,5-6,5| 5,07-5,22 




Iso.; gran.. 


P. oct. 
.F. uneven 




Stcel-gry. to 
Fe-blk 
Earthy, red 


Cherry-rd 
bmh-ted 


5.5-6.5 


4,9-5.3 




Hex. rhom. 


F. uneven. 
Bcaiy. or fibr. 




Fe-blk. 


tdh-brn. 


6-7 


4,8-5.3 




Iso,; us. lis. 


P. oct. 

F. OlLch. 




Brn. to blk. 
Earthy, yel. 


Yelh-bm. 

Yel, ocher 


5-5.5 


3.6^ 




Noxla,; us, 
mass, or Gbr. 


F. splintery 




Dk. bm. to 
blk. 


Brnh-yel. 
toocher- 


5-5,5 


4.0-4,4 




Orth.; us. 

prisms 


F S^et^en*^" 




Blk, to 
rdh-b!k. 


Bmh-red 


5.5-6 


4.14-4,6 




Mass. or 

raammil. 


F. splint. 
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N'ame. 


Compoffltii 


little or no Erf) 
inc. t. 


0,.,... 


PYROLUSITE 

T34r S243 


MnO. 




Slowly Bol. in HCl w. gel. eil. 


Braunlte 
T343 8232 


3MDMiiO..MnSii 




No gel. fil. 


T342 S230 


MD.O. 


MuchHiOiDCt. 


Prismatic xls-: us. seriated 


T349 S248 


MnO(OH) 




»1. Botry., ceoifonii, Btalac- 
titic 


PSILOMELANB 
T362 S257 


(H,,Mn),MDO, 




Diill. earthy, frothy, powdery, or 
reDiform aod compact 


T352 S257 


MnO, MnO,.H,C 
(0(l«. Fe. 61, Ai. B 



Veryiott. SoUs 
fingen and 
marks paper 
easily 


S and Mo reac. in o.t. Yel-i[tn. 
flame 


MOLYBDENITE 

T283 S41 


MoS> 




No reao. in o.t. Very refractory 


QRAPHITE 

T273 S7 


C 


Cr in borax or a. 
ph.bd. 


of H>da on ch. (except varieliea 
with much Mg and Al) 


CHROMITB 


FeCrrfJ, 


Ti reac. in s. ph. 
bd. on ch. w. 
Sn; or in HCl 

tol. after ttu. 
w. borax 


Mag. on intenB? ign. w. equal amt. 
of goda on ch. 


ILMENITE 

Tlt.1110 IrOB) 

T336 S2I7 


FeTiO. 


Submetollic to adamantine luster; 


RUTILE 

T345 S237 


TiO, 




Similar to Rutile. Diating. by xl. 
habit and phys. properties. 
Biookit« ua. tabular ils. 


Octshsdrltc 

T346 8240 


TiO. 




Brooklte 

T347 S243 


TiO, 




Ca reac. in HCl aol. after fus. w. 
soda and precipitating Ti w. am. 


P«o*iklt« 

T487 S7:'3 


CaTiO. 



Gooi^lc 



\ 6. 
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Color. 


Streak. 


Hard- 


Gravity. 


Cty8t«lli»a- 

tion. 


Cleavage and 




Fe-blt. 


Blk. 


2-2,5 


4,73-4.86 


pBeudm., mass. 


F. splbt. 




Dk. bmh-btk. 
to flteel-ary. 


Bmh-blk. 


6-6.5 


4.75-4.83 


Telr,; ub. 
pyram. 


C, pyrani,.prr. 




Bmh-blk. 


Chestnut- 
bm. 


5-5.5 


4.72-4.856 


Tetr.: us. 
pyraro. 


C. basal 
F, uoevtn 




'TJUS:" 


Rdh-brn. 

to blk. 


4 


4.2-t,4 


Orth.; priBDi, 


f: SL" on^"- 




F.-blk. 


Bmh-blk. 


5-6 


3.7-4.7 


Masdve 


F. uneven 




Bluish or 
brnh-blk. to 
dull blk. 


Bmh-blk. 
toblk. 


1-6 


3-4,26 


Amorph. 


F. unevea 


N 7. 














Pb-Biy. 


Gcyh-blk.. 

ernh. on 

glsied 

paper 


1-1.5 


4.7-4.8 


H«t,(7);fol. 


0. basal, pet,; 
Bex. 




Fe-b!k. to dk. 
steel-gry. 


Gryh..blk. 


1-2 


2.09-2.23 


Hei. rhom.; 

lol. 


C. basal, per.; 

flei. 




Fe-blk. to 
bmh-blk. 


Dk. bru. 


5.5 


4,32-4.57 


Iso, ; us. nmas. 


F, unovon 




Fe-blk. 


Bmh-ted 

to blk. 


5-6 


4.6-5 


Hei. thorn.; 


F, conch. 




Rdh-bm. to 
blk. and yelh. 


Pale bm. 


6-6.5 


4.18-4-25 


Tetr.; ub. xls. 


C, piUm, 




Bro. to dk. 
blue and 
blk. 


Cola. 


5.5-6 


3.82-3.95 


Tetr,; ub. 
pyram. 


C, basal and 

r.'SS. 




Hair bm. to 

blk. 


Cole, to 
gryh. or 
yelh. 


5.5-6 


3,87-4.08 


Orth.; us. xIb. 


F. uneven 




Yel. and brn. 
to blk. 


Cols, to 

Eryh. 


5.5 


4.017- 
4.039 


Iso. 


C. cubic 
F. uneven 



Gooi^lc 
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Name. 


CompoeiUon 


Cb reac. after 
Ius.w.Bodaor 
borai, dinotv- 
iDS in HCl, 
and boUing w. 


W. litde wda becomes mas-i ub. 
Mn reac. «!«. 


COLUMBITE 

T490 S731 


{Fe.Mn)Cb,0. 

(T» tKL w. Cb; ■ 

8iiuidW> 


Tootaiite 
T490 S731 


(Fe.Mn)Tarf>. 
(Cb too. w. Ta; Bl 
an and W) 




DiattDg. by Bt. and dull exterior 


T490 S72g 


Y(Cb.T«)0. 
(&. O. D HO. w. 1 




HK)mc.t.; turns yel. 


7493 aias 


(Ta!cb)rf);..4H,< 


U In B. ph. bd. 
UtaeornoCb 


Very heavy: sol. in dil. H.BO. 
w. alight evolution of gas (He) 


Uranlnlts 
T621 S8S0 


Uranato of Pb ar 

(Alao Th. I*. Y. C 
Be A. and IK K 


Pt or metals of 
tlie Pt group 


times mag. 


tzscTms 


Pt 
<Ua w. Pe. It. OM 


lair. 1) aod 
the Mack niicu 


ino.t. 


T280 S27 


(Ir.Oa) 




No reac. for Os 


T^^sa? 


Ir 
(W.ruOa. etc) 



Burns w. blue flanie 
and SO< tumea 


Subl. in c.t. U red liquid while 
hot. yel. soUd wben coid 


SULPHUR 

T273S8 


s 

(Uaolay.bleamm.. 


Aa^( subl. on cb.; 
wh. iln.. vol.; far 
from assay 


Subl. in c.t. deep red. nearly 
blk. wben.hot; a tdh-yel. 
transp. solid when cold 


REALGAR 
T282 S33 


AaS 


ORPIMENT 

T282 S35 


As,8. 




Vol.onch.;Asrf>..subl.inc.t. 


AreenoUl* 
T330 SIOS 


A«,0> 


r^"V«S' 


SO, in o,t. 


T305*Si'm 


Sb^SiO 




Eas^fus. in o.t.w. slight wh. 


T330'8?B8' 


Sb.0. 




Vaiantinite 

T330 sigg 


Sb,0, 
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Color. 


Sti«k. 


Hard- 


Specific 
Gravity. 


Fiui- 
biUty. 


Crystftlliia- 
tion. 


^«^"^ 


- 


Fe-bUt. to 
^h-blk. 


Dk.red 

to blk. 


6 


5.3-6.6 




Orth.; us. 
prisn» 


F, uneven 


• 


Blk. 


Blk. 


6 


fl.5-7.3 




Orth. 






Bmh-blk. 


Palebm. 


5.5-6 


4.3-5.9 




TetT.i lu. la- 
mellar 


F. uneven 


^ 


Yel. to bra. 
and blk. 


Col8.tO 

gry. 


5-5.5 


5.5-5.9 




Orth.; UB. 


F. ooncb. 


u 


^StebV 


Bmh-blk. 


5.5 


9-9.7 




lao.; us. mass. 


F. conch., un- 




Whh.8teel-gry. 


°S&, 


4^.5 


14-19 




Iso. ; UB. grains 
or scales 


F. hackly 




Sn-wh. to It. 
Bteel-gry. 


Gry. 


6-7 


19.5-21.2 




Hex. thorn. ;uB. 

flat grains 


C. basal, per. 




Ag-wh.. tinBe 
of yel. 


Gry. 


6-7 


22.6-22.8 




IBO. 


F. hackly 


)N 8- 


1 LuBter 1 


-) 


Pale yel. to 
brnL and 

greh-yel. 


ReBinouB 


1.5-2.6 


2.05-2.09 




Orth. 
Figs. 56. 57 


F. conch, to 




AoranBe-yel 




1.5-2 


3-566 




Mon.; UB. iIb. 


?:=. 




Lemon-yel. 


C. pearly i 


1.5-2 


3.4-3.5 




Mod.; us. fol. 


striated'; flex!' 




Cols, to wh. 


Vitreous 

or alky 


1.5 


3.70-3.72 




iBo; «8. capil. 


F. uneven 




Cheiry-mi 
tobmh-red 


Adaman- 
tine 


1^1.5 


4.5-4.6 




Mon.; ue.acio. 


C. pinac., per. 




CoIb. (o wh. 
and gryh. 


KesinoUB 


2-2.5 


5.22-5.3 


1.5 


Ibo. 


F. uneven 




Col*, to wh., 
rdh., or brnh. 


Adaraan- 
at>early 


2.6-3 


5.566 


1.5 


Grill.; , 


^afioTrijr-' 
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Hg Bubl. in e.t. ... 
ooda that has been 
dried by previous- 
ly hoatinB Dcaily 



SOiand Bgii]0.t.; blk. Eubl. 



w. AgNOi after soda 

Alkaline residue after ign.: .. 
wholly vol. only by pro- 
longed beating 



COi efferv. in warm 
da. acids 


In e.t. dark yel. while hot; us. 


CERUSITE 
T363 8286 


PbCO. 




In c.t. wh. PbCl, subl. which 
fus. to cols. 


Phouenite 
T364 8282 


(Pba)rfX). 




HCl sol. w. Bad. Eivea nh. 
ppt, BaSO. 


Leadhillite 

T529 8921 


Pb,(PbOH). 

(CO.),S0 


S. reflc. in fua. w. 
soda; sol. in dil 
HCl; PbCl. ppt 
on cooling 


Little or no Hrf) in c.t. 


T527 S907 


Pb80. 


H,0 in o.t.; Cu reac. in HCl 
sol. 


Linarlte 

T530 S927 


I(Pb,Cu)OHJ^O, 




Caledonit* 

T630 8924 


((Ph,Cu)OH3.S0. 


HNO. sol. reacts for 
P w. am. mol. 


In c.t. slight wh. subl. PbCli 


PYROMORPHITE 

T499 S770 


Pb.(PbCl)(PO,). 
(OIICD obo Co and lU) 


Aa aubl. in c.t. w. ch 


^Sksr™,*'" - *'"'°''" 


Mlmetite 

T500 8771 


Pb.(PbCl)(A80.). 


V in B. ph. bd. 


'hVo*!"^'-^'™'" 


Vanadlnlte 

T500 S773 


Pb.(PbCl)(VO,). 




Hrf) in e.t. Reacts for Zn. 
Cuprodesclottit« contains Cu 


Descloizite 

T505 8787'" 


(Pb,Zn)l(Pb,Zn)OH 

vo 


Cr in fl. ph. bd. 


St. orange-yel. 


™29'S913 


PbCrO. 


Mo in s. ph. bd. (in o.f. yelh-gm., in r.f. dark gra.) 


■mTsSsQ 


PbMoO. 


Not included above. In o.f. on ch. fus. to yel. glass; 


Massicot 
T332S209 


PbO 

(Ul. rmpOTB) 
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Color. 


Luster. 


Hard- 


Specific 
Gravity. 


FW- 
bility 


CrysUULia- 


Cleavage and 
Fracture. 


Ilu- 


tobmh. 


AdBTnan- 


2-2.5 


8.0-8,2 


Vol. 
1,6 


Hei. rhom. 


C. prism., per. 




Cola., wh.. 
or (try. 


Adnman- 


1-2 


e.482 


Vol. 

1 


Tetr. 


F. conch. 
SectUe 


















ON 9. 




Cola, to ffb. 
andgry. 


tine 


3-3.6 


6,46-6,57 


1.6 


Orth. 


F. conch. 




ColB,. wh.,Kry 
and yd. 


Adaman- 


2.76-3 


6,0-6,3 


» 


Tetr.; us. lis. 


c..™...^ 


O. 


ColB..wh..yel., 
(pn., or gry. 


C^pearly. 


2.6 


6,26-«.44 


1.5 


Mon.;us. tab. 


C. baaal. per. 




Cola., wh- 
yelh., gmh. 


tino to 


2.76-3 


6.3-6,39 


2.6 


Orth.: UB.zls. 


C. basal and 

prism. 
F. conch. 




Aiure-blue 


Vitreous 


2.5 


5.3-6,46 


1.6 


Mon. 


C. pinac., par. 
F. conch. 




Bluish-era. 




2.6-3 


6-40 


1.5 


Orth. 


C, basal, per. 


») 


Gra.. yel.. 
bm. and wh. 


ReaJnous 


3.5-4 


6.5-7.1 


2 


Hei.; us. 


F. uneven 


.> 


Cols,, yel.. 
orange, bm. 




3,5 


7,0-7.25 


1.5 


H«.; us. 
prism. 


F, uneven 




Ruby-red. 
bm.. yel. 


ReeinouB 


2,75-3 


6.66-7.10; 1.5 


Hex.; us. 


F, uneven 


H] 
O. 


Bmh-blk. U. 
red. 


Greaay 


3,5 


5.9-6.2 


1.5 


Orth.; ua. ila. 


F. uneven 




BriEhtred 


tinew" 
vitreouB 


2,5-3 


6.0-6.1 


1.6 


Mon.; ua. lis. 


F. uneven 


. 


Yel.. oranse- 
red, gry.,wh. 


Resinous 
to ada- 
mantine 


2,76-3 


6.7-7.0 


2 


Tetr.; us. tab. 


C. pvram. 
F. uneven 




S-yel. to rdh- 
yel. 


Dull 


2 


7,83-9,36 


1.5 


Maaa.. acaly 
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Name. 




Deep red col. 

(Hydrocuprite 
orange) 


Strong Bul. in HCl gives wh. 
PPt.Cu n when much diluted 


CUPRITE 

(Hydrocupnte) 
T331 8209 


{OH In hyarodiprliB 


COiefterv. inHCl 


HtOinc.t. Diating. by color 


T364 S294 


(CuOH),C0. 




A2UR1TE 

T365 S295 


Cu(CuOH).(COi), 


Blue flame col. 


H^ in c.t. 


T^rim 


Cu(CuC[)(OH)t 


8 reac. in (us. w. 
Boda 


Much H,0 in c.t. Sol. in H,0 


T634 S944 


CuS0..5H.O 




Acid HiO on intense ign, in c.t. 


Brochantlte 

T530 S925 


[Cu(OH)J,CuS0- 


Asfumesonch.; As 
mirror w. ch. in 

onch. 


B.b. cmcks and lus. Gel. 
A]<OH), ppt. w. am. in HCl 


Liroconite 
T514 8S63 


[CuAI<OH)J^u.AI. 
(AsO.)s.20H.O 


Globule xin. after fua. Eu- 
cbroite much H,0 in c.t.; 


Cllnoclaiite 

T505 8705 


(CuOH).AbO, 




DiBting. by phys. properties 


OLlvcnlte 

T504 B784 


Cu(CuOH)AsO, 




Euchroite 


Cu(CuOH)A80^H« 




Decr«p. and gives much H.O 
in c.t.: res. of olive-em. Bcalea 


Cbalcophyllito 
T511 S840 


Cu(OH)J(CuOH)r 
AaO,J,.10H* 


Preftc. w.am. mol. 




Torbernlte 

T615 8856 


Cu(UO,)j(PO.).- 

.8H,0 




Hrf> and blackens in c.t. 


LlbethenlU 

T504 S786 


Cu{CuOH)PO. 



SO) fumes and wb. 
Bubl. of AsiOi or 
SMy, in c.f . 
(Cp. polybasite) 



Abund. Kubl. in c.t., deep red I 
hot. rdh-yel. cold; alight S 
subl. above tt 



T311 8131 
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Color. 


LuBter. 


Hard- 


Specific 
Gravity. 


Fusi- 
bility. 


tion. 


Cleavage and 

Fracture. 




Ruby-red to 
rdh-blk. 
(Orange) 


tine to 
earthy 


3.5-4 


5.85-6.15 


^ 


Iso. 

(Hydrecuprite 
earthy) 


F. conch, or 




Bright gm. 


VitreouB. 

Sr- 


3.5-4 


3.9^.03 


3 


Mon,;ufl. 
botry. 


C. basal, per, 
F. uneven 




AEure-blue 


Vitreous 


3,6-4 


3,77-3.83 


3 


Mon.; us. lis. 


F. conch. 






Ad&mati- 
tine to 
vitreous 


3-3.5 


3.75-3.77 


3-4 


Orth.; us. 
prism. 


C, pinac.. per 
F. conch. 




Deep azurt- 
blue 


Vitreous 


2.6 


2.13-2,30 


3 


Tri. 


F. conch. 




Deep omcrald 
gm. 


Vitreous 


3.5-4 


3,907 


3.5 


Orth.: ua. zia. 


F." SiTe^en"^''" 


' 


Sky-blue to 
gmh. 


Vitreous 


2-2.5 


3,S85 


3-3.5 


Mon.; us. lis. 


F. uneven 




Dk. gm. to 
bluiah-gm. 


C. pearly 


2,5-3 


4.19-4.37 


2-2.5 


Mon. 


C. basal, per. 




Blkh-grn. to 
oliv^gm. 
and bm. 


Vitreous to 
adamsn- 
tine 


^ 


4.1-4 4 


2-2,6 


Orth.; us. 


".ss-" 


3 




Vitreous 


3.5^ 


3.389 


2-2,5 


Orth,; us. 


F. uneven 


, 


GraiS9-gni. 


^C^riy 


2 


2.4-2.68 


2-2,5 


Hex. rhom.; 
us. tab. 


C. basal, per. 




Emerald-gm. 


Vitreoua; 
C. pearly 


2-2,6 


3.4-3.6 


3 


Tetr.; us. tab. 


C, basal, per,; 
fol. 




Dk-gm. to 
olive-gm. 


Resinous 


4 


3.6-3.8 


2-2,5 


Orth. 


F. uneven 





Scarlet to 
St. scarlet 


Adaman- 
tine 


2-2.5 


5,55 


■ 


Hei. rhom.; 
hemimor. 


C. rbom. 
F. conch. 




Dk.redtoblk. 
St. purplish 


Metallic 
tinV"*"" 


2,6 


5,77-5,86 




Hei. rhom.; 

bemimor. 


C. rhom. 
F. conch. 
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Name. 




CI, Br, or I reBc. ». 
powdttred galena 


Subl. «h. both hot aDd cold 


Cenrxyrltc 

(Horn BUver) 
T319 3168 


Aed 

(Bomn, B.l». w.i 




8«bl. yel. hot. »b, eold. Not 
disting. by bp. melbods 


T319 S1G9 


A£(C13r) 




BcomjTite 
T319 S159 


AgBr 




Subl. orange-red hot, lemon- 


lodyrit* 
T319 S160 


Agl 



COtefferv. inHCl 


H^ iD c.t. 


Bismutite 
T3a7 8307 


BiOBi(OH),CO. 


Does not efferv. 


No H,0 in o.t. 


T^ S200 


BiCOH), 
(Otcm Fe. etc.) 



CO. efferv. in hot HCI 


Becomes blk. and mag 


SIDERITE 

(SpalkLe Iron) 
T359 S278 


FeCO. 
(McMn.Caisii.R.I 


Dit. fus.; strongly mag. 
after heating in r.f. 


Little or no H.O in 
c.t,: St. red 


T334 S213 


Fe-O. 




Marti te 
T336 S216 


Fcrfl, 




H,0 in C.I. Earthy, 
titio 


LIMONITE 

T3a)°S250 


Fe,(OH)Jerf), 




Us. prismatic ils. 


aOETHITE 
T349 8247 


FeOCOH) 






Turgite 

T350 824S 


lPeO(OH)],Fe.O. 



D„l,:..bvG0C>^lc 





Color. 


LuBter. 


Hard- 
ness. 


SpeciBo 
Gravity, 


Fusi- 
bility. 


tioD. 


Cleavage and 
Fracture. 




reari-gry. and 


Resinous 
toada- 


1-1.5 


5.562 


1 


Iso.; us. mass. 


tile ' ■ ^ 




Grn, or yel. 


Resmoua 
to ada. 
mantine 


1-1.5 


5.31-5.81 


^ 


Ibo.; u8. mass. 


F, uneven; sec- 
tile 




Grn. or yel. 


to ada- 
mantine 


2-3 


5.8-6.0 


I 


Iso.; us. mass. 


F. uneven ; sec- 
tile 




Yel, to urnh. 
and bmh. 


Resinous 
to ada- 
mantine 


1.6 


5-6-5-7 


I 


Hei.;hemimor. 


C, basal, per,; 
sectile 


N 18. 




Wh., gm., 
yel-, ery. 


DuU 


4-4.5 


6,8»-7.67 


1.5 


*zX- 






Wh., Blraw- 


DuU to ad- 
tine 




4.361 




Hei. rhom. 


C. baaal. per; 
Bcaly, earthy 


V 13. 




Lt. to dk. brn 

andgry. 


Vilreoua: 
C. pearly 


3.5-4 


3,83-3,68 


4,5-5 


Hcx.rhom.; 

us, iln. 


C. rhom., per. 




Brnh-red to 
blk. 


Dull 


5.?-6.6 


4.9-5,3 


£^.5 


Earthy; reni- 
fono 


F. uneven to 
splint. 




Fe-blk. 


Submetat- 
lictodul 


6-7 


4.8-5.3 


5-5,5 


Iso. 


P. oet. 
F, conch. 




Ydh-brn. to 
dk.bra. 


Silky or 
dull 


5-5.5 


3.6-^.0 


5-5.5 


Fibr,, maas. 


F. splint. 




Yelh-or redh- 
brn. to blk. 


Adaman- 
tine to 
dull 


5-5.5 


4-4.4 


5-5.5 


Orth. 


C. pinac, per. 




Rdh-blk. 
St.dk.redh- 
brn. 


Dull, silky 
to Bub- 
metal. 


5-6 


4.14^-4.6 


.5-5,5 


Botry.; in- 


F. splint. 



,-.bvGoc>^lc 
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Name. 




Sol. in cold Hrf); wh.ppt 
BaSO, w. BaCU in Ha 
Bol. Acid H.0 in c.t. 


Fenous iron only 


^^348941 


FeS0..7H.O 

<MfUUlMlll»...l. 




Ferric iron only; dis- 
ting, by phyfl. char- 


'arSe. 


Fe,(FeOH),(80,).. 
17B* 




T536S966 


Fet(SO.)'.eH.O 




Ferric Fb oq^; K 
flame; tittle H,0 in 

c.t. 


Jaroalte 

T537 S974 


KIFe(OH).].(S0.), 

(NI BO. w. K) 


'; Fei^uB ' 


Mn in borax 
bd. Little or 
no H.0 in c.t 




TrIphyllU 

T496 S7S8 


LiFePO. 

(Mn l». ». Fe) 




Freac. w. KHSO. 


T502*8777 


R(RF)PO. 

(R-Pe. MUCuMI 




Mn in borax bd.; n<0 in c.t.; eifo- 
liatei 


Ctilldrmitc 
T513 S850 


FeAl(OH),PO.-RA 

(Mn M. w. FB) 




LittleornoMn; whitena w. gentle beat 


Vivian its 

T508 8S14 


Fe.(PO.)>.8H^ 


Preac. w. am. mol.; ferric Fe; HiO in c.t. 


Diifreuile 
T606 S787 


Fe,(OH)J>0. 


As Bubl. in 

c.t. w.ch. 
fragment 


Co in borax bd. after roaating; HQ aol. 
rose-red 
(Cp. annabergite. below) 


ErythritD 

(ColwK Bloom) 
T509 S817 


Co.(ABO.),.8Hrf) 
(Ml, Fe. Ca too. w. ci 




Ni in borax bd. after roasting ; Haeol 
Etn. (Co may ma^k bd. reac. for Ni) 


Annaberglt* 

(NKktl Bloom) 
TS09 S818 


Ni.(AsO.)..8H^ 




Ferric but no ferrous Fe;lHCI sol. yel. 
rdh-bm. ppt. w. am. 


Phariiuc«ld«iU 
T6I3 S847 


Fe(FeOH). 

(AsO0,.6H,O 








Scorodite 

T509 S821 


FeAB0..2H^ 



Sli^tly sol. in HCl w. separa- 



BIOTITE 

T467 8827 
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Color. 


Luster. 


Hord- 


Specific 

Gravity. 


Fusi- 
bility, 


tioD. 


Cleavage and 

Fracture. 


Apple-grn. to 


Vitreous 


2 


1.89-1.9 


4.5-5 


Mon. 


C. basal per. 
F. conch. 


S-yel. 


Pesriy 


2,5 


2.103 


4-5-6 


MoQ.; us. tub. 


C. pinao. 


biih., violet 


Vitreous 


2-2.5 


2,1 


4.3-5' Hei.rhom.; 
j us. lis. 


F, uneveD 


Ocher-yri. to 
clove-bm. 


Vitreous 


a.S-3.5 


3,16-3-26 


4.5 


Hei, rhom.; 

us. lU. 


C, basal 
F, uneven 


U. blue, BUI. 
orgry. 


Vitreous 
toresi- 


4,6-6 


3.49-3.66 


1.5 


Orlh,; us. 


C. basal, per. 
and pinao. 


Cheatnu^brn. 
to blkh-brn. 




4,5-5 


3.44-3.8 


1.6 


Mod,; us. 


C, 2 at right 
F, uneven 


Yelh-bm, to 

bmh-blk. 


Vitreous 


4-6-6 


3.18-3,24 


4 


Orth.; us, lis. 


F. uneven 


Blue, bluiah- 


Vitreous; 
C. pearly 


1,5-2 


2.58-2,68 


2-2,5 


Mon,; u^ 
prism. 


F. splint'.' 


Dull olive to 
bLkh-gm. 


Silky, 
weak 


3.5-4 


3,2-3.4 


2.5 


Orth. us. fibr. 


F. splmt. 


Crimson to 


Dull: vit- 
pearly 


1,5-2,5 


2.948 


2 


Mod,; us. 
prism. 


C. pinao.. per.; 
seotile 


Apple.«m. 


Vitreous 


1,5-2,5 




4 


Mod; us. 
eapU. 


C, pinac., per. 
earthy 


Grn.. yel., 
bni. 


tine to" 
greasy 


2,5 


2.9-3.0 


1.5-2 


Iso. tetrh.; 

us. ris. 


F. uneven 


Pale gm. or 

bra. 


Vitreous 


3,5-4 


3.1-^,3 


2-2,6 


Orth,; us. ils. 


F. uneven 



Blk. to Knih- 
bll. 


Adajnan- 
tineto 
pearly 


' 


3-3,2 


4,5-5 


Mon. 


C. basal, per.; 
elastic 


"SbSat. 


"f^ 


2.5-3 


2,7-3.1 


6 


Mon. 


C, basal, per.; 
elastic 


Bronze to 
golden yel. 


Pearly to 

aubinet- 
taUic 


3 


3.3-3.4 


2.5-3 


Orth. 


C. pinac. per.; 
brittle 
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Name. 




iK...U. 


Mostly ferrie Fe 


ANORADITE 
T417 S442 


Ca.Fe,<SiO.), ' 
(Fe, Mn. Ml, Oi H^ 
C±: Al i°o. w. Ft) 


Gel.; much ferrous 


May be mag. from included 


FayallM 
T422 SlSS 


Fe£iO, 


Liel.aU.w.HCl:both 
ferroua and ferric 
Fe 


FuKfl quietly 


lltalU 

(UevriW) 
T446 9H1 


CuFe,(FeOH)<aM 




Fua. V. intutnei. 


AiianlU 

rorthit*) 
T440 8622 


H"R"'.(OH)(SiO. 

(R"-C», Ft.R-- 
Tm.Ce.lA Nd, Pi) 


-tor--"' 


ZnO subl. OD ch. w. wmU; grn. 

w. CoCNO.). 


Danalilo 
T*14 8436 


GIJt.(RS)<SiO0. 




Mninborubd.; no Zn 


Helvite 
T414 S434 


G]Jl4(RS)(SiO^, 



W reac. after fua. 

w. Boda. Very 


Mn in Eoda bd. 


WOLFRAMITE 
T63e SfiM2 


(Mn.Fe)WO. 


UlUeornoMnrrac. 


.... S986 


FeWO. 


caceous mineralB. 
Section 23) 


Easily fus.; Li flame 


Zinowaldite 
T467 8626 


(K.IJ)di-e(AiO) 
Al(F.OH),(8iO. 


Dif. fufl. 


BIOTITE 

T467 a^ 


(K.H).<M8,Fe), 
(AJ,Fe).(%iO.). 


Red; iaometrio 


8ol. in HCl w. gel. after fua. 


ALMANDITE 

(Fe-Al Garmtl 
T416 S441 


Fe>Al,(SiO.)> 

(MI1.MI.C.18C.W. 


Quietly and dif . /us. 


Us. bronzy, metal loidal lus- 
ter; prism and cl, angles 


T385 8348 


(Mi[,Fe)^0. 




Prism and d. ansles 64° and 
126''; Fe chiefly ferrous; 


(Aihe«« ID pvt) 
T398 S384 


(Mg.Fe)SiO. 
(Bomet. aln All 


FuB, w, intumee. 


Fused mass dk. brn. or Mk. 


EPIDOTE 
T43y S516 


«A,OH„A,,K, 
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Color. 


Luster. 


Hard- 


Specific 
Gravity. 


FuBi- 
bility. 


cn'-iftiiuH- 


Cleavage and 
Fractuce. 


Wine-red, 
brn.,"to Wk. 


Vitreous 


6.5-7.5 


3.8-3,9 


3.5 


Iso. 


F, uneven to 
conch. 


Yel. W dk. 


Metalloid- 
al, resi- 


6.5 


4-4.14 


■* 


Orth.; U8. 


C. pinoc. 
F. uneven 


l). 


Fe-blk. 


Uo 


5.5-6 


3.99-4.06 


2.5 


OHh.; UB. 
prism. 


F. uneven 


;,. 


B„.„p,M.. 


toaub- 
metalUc 


5,5-6 


3.0-4-2 


2.5 


Mon.; us. 


F, unevtn to 
conch. 




FleBh<red to 
gry. 


VilieouEt* 

reainoufl 


5-5-« 


3.427 


3 ilso. tetrh.; 


F. uneven 




Yel. to yelh, 
and redh-bni 


Vitreous to 


6-6.5 


3.16-3.36 


4-5 


Ibo. tetrh.; 
us..l«. 


F. uneven 





Gryh. tobrnh. 
blk.:flt.blk. 


Submetal- 
lic 


5-5.5 


7.2-7.5 


' 


Mon.; uB.xla. 


F" Sl"^''en'"^' 




Blk. St. 
brnh-blk. 


tic 


4-4.5 


0.8-7.11 


3,5 


Mon, 


f; u^'Vn'^' 




Gry., yel., 
brn., violet 


Peariy 


2.5-3 


2.8-3.2 


2,5-3 


Mon. 


C, baaai, per.; 
flex. 




Gm. to dmh. 
or brnh-blk. 


Splendent 
C. pearly 


2.5-3 


2.7-3.1 


5 


Mon. 


C. basal, per.; 
elnslic 


„ 


Deep rsd to 

brnh-blk. 


Vitreous 


6.5-7.5 


3.9-4.2 


3 


I»D. 


^' ""^^h!" 




Grnh-blk. to 
bm. and 


Pearly to 

broniy 


5-6 


3.4-3.5 


5 


Orlh.; US. 


C. pinac. per. 




Gry.. clove- 
bm., gm. 


Vitreous 
C. pearly 


5.5-6 


3.1-3.2 


5-6 


Orth.; ijf. fibr. 


C. prism, per. 




Yelh. to hlkh- 
grn. and gry. 


Vitreous 


0-7 


3.25-3.5 


3-4 


Mod.; us. 


C. basal, per. 
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SECTION 15- 





Nsms. 


Composition. 


FuH. w. intumes.; 
Na flame 


126°; Fe chiefly fcrrouB | Ti06 S401 


[{Na.K)..Ca,Fe]SiO> 




Crocidolite is us. Gbroiia i T404 !M00 


NaFe"'{Fe",Mg) 
CSiO.), 




, Riebeckile 
i T404 S400 


NaJe"',<Fe",Ca) 
(SiO.). 


Na flame; fus.quiet- 


Priam' and cl. angles near 60' 1 Acmite 

1 T^i"s364 


NaFe"'(SiO,), 


Compare pyroxene, amphiholp. tourmnlinp, chloritoid, and ottrplite, 
some ot the dark etcfD and black vnrieties of which contain suffioient iron 
to make tnem magnetic upon ignition. 





.B below with Pt y 



Wh. AgCl ppt. w 
HNO, and AgNO 


Wh. Has 
H,0 so 
andBa 


0.ppMn|K flame 


Kflinite 
T530 S918 


MbSO.,KCI.3H,0 




-^'' Na flame 


Hanksite 
T530 8920 


9N«,SO,-2Na^O,. 




Intense Na flame; no S 


HALITE 

7318^54 ' 


NaCl 




"Sir 


Little or no H,0 in 
p.t. 


SYLVITE 

T318 Sl.'iB 


KCI 

(NaBo. w. K) 




Much H^ in c.t. 


Carnalllte 

T323 S177 


KMgC1..6H^ 


CO, efterv. w. HCI. 
H.O Bol. gives al- 
kaline reac. w. 
turmeric paper 


Sol. in H,0 of xln. if gently 
heated in c.t. (Hrf) = 63%> 


Natron 

T36a S301 


Xa,CO,,10H.O 


Hrf) and CO, when gcnlly 
heated in c.t. 


Trona 

T367 S303 


Na,CO,-HNaCO,- 
2H^ 
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Color. 


Luster. 


Hard- 


Specific 
Gravity. 


Fusi- 
bility 


Ciystalliia- 


Cleavage and 
Fracture. 


Blk.; Bt.dk. 
bluieh-giy. 


Vitreous 


6 


3.44-3.46 


" 


Mon.;uB. 


C. prism., per. 


de*p laveQ- 
der-blue 


Silky, dull 


* 


3.2-3.3 


3.5 


FibmuB 


Fibrous 


B,. 


VitreouB 


6 


3-433 


3? Mod. 


C. prism., per. 


Grnh. tobmh- 

'■-■ 


Vitreous 


6-6,5 


3,50-3.55 


3.5 


Mod.; prism. 


C. prism. 
F. uneven 

















a intense and pcrsi.'it^int 



i Cols., wh. to 
, redh. 


Vitreous 


2.5-3 


2.067- 
2.188 


1.5-2 


Mon. 


C. pinac. 


Cols., wh. to 
yelh. 


Vitreous 


3-3.5 


2.562 


1.5 


Hen.; UB. lis. 


C. basal 
F. uneven 


Cols., wh., 
. rcdh., bluish 


Vitreous 


2.5 


2.13 


1,5 


l8o.;us.cubie 


C. oubic, per. 
F. conch. 


Cols., wh., 
1 redh.. bluish 


Vitreous 


2 


1.97-1.99 


1.5 ISO. 


C, cubic, per. 


i Cols., wh., 
redh. 


Vitreous 
greasy 


1 


1.6 


1-1.5 


Orth.; us. 


F. conch. 


i'^ifcS. 


Vitreous 


1-1.5 


1.42-1-46 


1 Mon. 


C. basal 
F. eonch. 


■^feSSi.'. 


Vitreous 


2.6-3 


2.11-2.14 


1.5 


Mon. 


C, pinac, per. 
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Name. 


Composition. 


w. HCl and BaCl. 

g™.hpp,. 


Na flame; Uttle or no H,0 in 


Thenardlte 
T523 S895 


NaiSO. 


B.h. BwelU and givea K flame; 
H.0 sol. w. Ha and am. 
KivBB gel. ppt. of Al(OH), 


Kallnite 
Tfl36 8951 


KA1{SOO.-12H,C 




Mb t™c. w. Co(NO.), on ch. 


Ep«omit« 


MgH0,.7H,0 




Intense Na flame; much HA 
in c.t. 


MIrablllt* 

(GUuMr BUC) 

T531 8931 


Na,SO..10H.O 


NitmlcB.— Defla- 


Intense Na flame 


SODA NITER 

T517 S870 


NaNO. 


K flame 


NITER 

(BUtpeur) 
TSIT S 871 


KNO, 




tore ign., not after 


NilTDcaleite 
T517 S872 


Ca(NO.),.nHrf) 


B reac. w. tucmeric 
paper 


Swells and fu9. to clear glaBS 


BORAX 

T520 S8S6 


Na^.O,.10Hrf) 



■A below with Pt w 



CO. efferv. in 
dJI. HCl 


NoHiOinct.; Ba flame 


T.^2 S284 


BaCO, 




HiO in c.t.; alkaline sol. in boUing 
H.O 


T3G6 S301 


Na,Ca(CO0..5H 


S reac. w 
soda on ch. 


MuchHrf) in 

c.t. Readily 
80l.inhot.dU 
HCl 


Sol. inhotHjO; no 


QVPSUM 

(Selenltc: 

T531 8933 


Ca80..2Hrf) 




K flame; Mgrear.w. 


T535 SB50 


K.C.jM.«0.,.. 




Little or no 
H,0 in c.t. 

(Continued 
next page) 


Na flame; sol. in 
HCl 


T523 9898 


Na^(SO,), 




No flame col.; slowly 
aol. in hot dil. HCl 


ANHYDRITE 

T528 3910 


CaSO. 
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Color. 


Luster. 


Hard- 


Specific 
Gravity. 


Fusi- 
bility 


CryBtalliza- 


Clcavaee aod 
1 racture. 


Cols.. wh„ 
brnh. 


VilreouB 


2-3 


2.68-2.69 


1-6-2 


Orth. 


?;S:s',. 


Cole, or wh. 


Vitreoua 


2-2.5 


1.75 


1 


Iso. pyr.; us. 
Bbr. 


F. couch. 




Cola, or wh. 


Vitreous; 
eutby 


2-2.5 


1.761 




Orth.; us. 
fibr. 


C. piuBc.. per. 




Cola, or wh. 


Vitreous 


l.S-2 


1-481 


1-5 


Mod.; ua. 

orusla 


C. pinac, per. 




Cola, or wh. 


Vitreous 


1.5-2 


2.24-2.29 


1 


Hei. rhora.; 
UB. incruBt. 


C. riioni., per. 




Cols, or wh. 


Vitreous; 
siiky 


2 


2.09-2,14 


1 


Orth.; us. 
Bcic. 


C. P^™^P«-- 




Wh. or gry. 


Silky 






2 


Fibrous 


Fibrous 




Cola- wh., 


Vitreous 
toreai- 


2-2.5 


1,69-1.72 


1-1.5 


Mon.; us. 
prism. 


C. pinac., POT. 





Cols., wh.. 
yftlh., gryh. 


Vitreous 


3-3.75 


4.27-4.35 


2 


Orth.; 
twiuDed 


F. uneven 


' 


Cols., wh., 
yelh., aryh. 


Vitreoua 


2-3 


1.93-1.95 


1.5 


Mon.; ua.xla. 


C. prism. 
F. conch. 




Cola., wh„ 


Vitreoua 
C. peariy 


1.5-2 


2.31-2.33 


3-3,6 


K^ 60. 61 


C. 3 direction., 
pinac., per. 




Brick-red to 
yd. 


Vitreous 
toresi- 


2.5-3 


2,77-2.78 


1.5 


Mon.: fibr., 
lamel. 


C. pinac, 
F. splint. 




CoU.. wh., 
yelh.. gryh. 


Vitreous 


2.5-3 


2.70-2. M 


1.6-2 


Mon.;uB. Ub. 


C. basal, per. 
F. «,nch. 




Cols., wh.. 
rod ' 


Vitreous; 
basal cl- 
pesriy 


3-3.5 


2.90-2.09 


3 


Orth.; us. 
mass. 


C. pinac, per. 
90" 
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Name. 


Composition 






8r flamei nesrly in- 
aol. in HCl 


CELESTITB 
T526 S005 


SrSO, 




"irricr""'"- 


BARITB 


BaSO. 


F reac. w. 
KH80.and 
Blu9 in c.t. 


K,S."° 


Na flame; easily fus. 


CRYOLITE 

T321 8166 


Na.AIF. 




Ca flame; often 


FLUORITE 

T3M*§]6i 


CbF, 

(BoBM*. CI m. W. 




AddHrf>inc.t. 
Often etches 
glass BD<t dc- 
posiusil. 


'XS™'-"" 


Thomsenolite 
T323 8180 


NbCbAIF.H^ 




derrepitatps 


T323 S179 


NaCaAlF..Hrf> 



P r<^ao. v 


Slight F rear 
w. KHSO, 
in c.t. 


CaSO. ppt. 
in HCl «.!. 


No H^ in 

c.t. 


T407 S762 


Ca,(CBF)(PO0. 




A ticUe HK) 
HF vapor 
in c.t. 


Herdcrite 
T603 S760 


CaIGl(OH,F)]P0 




NoCa 


Little or no 


Wasnerite 
TS03 S775 


Mg{MBF)PO, 




Md in soda 

bd. 


Liflsme 


<Cp.^tripby. 


"SKS 


UMnPO. 

(FeUcB.Miil 




H,0 in c.t. 


No flame col- 


A^n, 83 


2(Fe.Mn)PO..H, 




U in B.pb. bd. 


C«SO,ppt. 

in Hd sol 


w. dil. H,80. 


Autuntte 
T516 S867 


Ca(UO,),(PO,),. 
8H.O 


ic paper 


Na flame 


SweUfl, sol. 


nHrf> 


BORAX 
T520 888B 


Na,B^,.10H.O 


(Contin- 
uednext 
page) 


Ca reac. w. 


am. oxalate 


Uiciite 
T520 8887 


NBCaB,0,-8Hrf> 
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Color. 


LusMT. 


Hard- 


Spedfio 
Gravity. 


Fusi- 
bility. 


Crystalliza- 


Cleavage and 




<=fe-^' 


Vitreous 
to pearly 


3-3.5 


3.95-3.97 


3 


Orth., Fig. 59 


C. basal, per. 
and prism.. 




Cols., wh.. 


Vitreous 

to pearly 


2.5-3.5 


4.3-4.0 


3 


Orfh. 


C. basal, per. 
and prism. 




Cols., wh., 
broh. 


Vitreous 
lo greasy 


2,5 


2-05-3 


1.5 


Mon.; us. 


C. piuno. 




Cols., violet, 
blue. (trn,. 
yel.. pink 


Vitreous 


* 


3-01-3.25 


3 


ISO,; us. cubes. 


C. Oct., per. 
F. nuevcn 




CoIb., wh.. 
redh. 


Pearly to 

vitreous 


2 


2.93-3 


1,5 


Mod.; xls. and! C. baaal, per. 




Col?, or wh. 


Vitreous 


3 


2,93-3 


1,5 


Mon.; priam. F. uneven 



■Ay 


Cm., blue, 
violet, red, 
hm., cols. 


Vitreous 


4.5-5 


3.17-3.23 


5-5.5 


Hei. 


C. basal 
F. uneven 




Wh. to pale 

grn. or yel. 


Vitreous 


5 


2.99-3.01 


4 


Mod. 


F. uuei-en 




Pale yel., 
gry. orted 


Vitreous 


5-5.5 


3.07-3.14 


3.5-4 


Mon. : F. uneven and 
' splint. 




Salmon-color 
clove-brn. 


Vitreous 
to resi- 


4.5-5 


3.42-3.56 


1.5 


Orth.; us. C. basal, per. 
mass. and pinac. 




Deep red or 

rcdb- purple 


Silky 


4-4.5 


3,40 


3-4 


Ortli.<?); US. C. pinac. 




Lemon-yel. 
to 8-yel. 


Adamant. 
C. pearly 


2-2.5 


3,05-3.19 


2.5 


Orth.; tabular ! C. haaal. per. 
1 brittle 




"^glyh-Tbluish, 


Vitreous 
tored- 


2-2.5 


1.69-1.73 


1-1.5 


Mon.; us. 
prism. 


C. pinac,, pet. 




Wh. 


SilVy 


1 


1.65 


1 


Fibrous 
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Name. 


Compoaitioi 




Bflanie 


NoHrf) in c.t.; CI reac. 
after f us. w. soda 


Boracite 

T6I8 3879 


MetCI, B,^» 




Sto«lyvol.; sol. inHiO 


{BorMAold) 

T363 8255 


B(OH). 




Ma m borax bd. 


SUBserite 
T518 S876 


H(Mn,Mg,Zii)t 




Enfoliatesi Ca reac. w.am. 
oxalate 


T619 S882 


HC8(BO.)..2H, 


Mo reac. in a.ph. bd. at 

fUB. SDd MoO. Subl. 


H^O.; HiOinct.; an cb. 


Molybdite 
T330 S201 


Fe.(MoO0..7H, 


Vma.ph. bd.; H,0 in 
mag. slag 


.U fUB. easily to btk. non- 


Carnotite 

S. Ap. I 


K, U, Ca. Ba v. 


As stibl-w 

BOda 
andch. 


ZdO subl. w 


soda on ch.i HtOinc.t. 


AdamlU 

T505 S786 


Zn(ZnOHMsO< 




Ca30i ppt. T 


. H.SO. in cone. HCl Bol. 


Pharmaeolite 
T510 S837 


UCaAsOi.2n^ 



Fua. to eols. glass 


IntumBB.; B flame; H,0 in c.t. 


DATOLITB 

T435 8502 


Ca(BOB)SiO. 




Intumes.; blebby glass: whitens 
in c.t.; CO. efferv. in warm 
dil. HCl 


T4I1 S427 


HJJaa:a<NaCO 

Al.(SiO.)t 




FuB. quietly; whitens in c.t.; 
little or no Ca after Beparating 
Si and Al 


NAT ROUTE 
T461 S600 


Na.Al(A10)(SiO, 
2Hrf) 


F«i.dif. and whit- 
ens 


ZnO subl. w. soda on ch.; gni. 
w. Co(NO,), 


CALAMINE 

T446 8546 


(ZnOH)£iO. 
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Color. 


Luster. 


Hard- 


Specific 
Gravity. 


Fusi- 
bility 


CryBtalliza- 
tion. 


Cleavage and 

Fracture. 




Cols., wh., 
yel-. Biy-, 
gni. 


VitreouB 


7 


2.9-3.0 


2 


Uo. tetrh.; 

us. XlB. 


F. conch. 




Cola., wh., 
yel. ery. 


Pearly 


1 


1.48 


0.5 


Tri.; us. tab. 


C^basal, per. 


• 


Wh- yelh., 
pinkish 


Silky 


' 


3.42 


' 


Orth.{?);fibr. 


F. splint. 




Cola-, wh., 
yelh.. gryh. 


Vitr. to 


4-4.6 


.A. 


1-5 


Mon. 


f' Silken''"' 




Strow-yel. W 


Silky to 
C. pearly' 


1-2 


4.5. 


" 


Otth. and 
earthy 


C. basal 


a- 


Canary-yel. 


Dull 






2. a 


Hei.(?); us. 






Grnh., yeUi., 
redh,. vio- 
let, cols. 


Vitreous 


3.5 


4,34-4.35 


3 


Ortb. 


C. prism. 




Wh., gryh., 
redh. 


Viti. to 
pearly 


2-2.5 


2-04-2.73 


2.5 


Mon.; us, fibt. 


C. pinac, per. 





Cols., ernh.. 
yelh.. redh. 


Vitreous 


6-5.5 


2.a-3.0 


2-2.5 


Mon.; us. lis. 


F. conch. to 


" 


Yel.. pink, 
prnh., blu- 
irfi. gry.. 


Vitr. to 
Breasy 


5-6 


2.42-2.60 


2 


Hei.; us. 


?:Si 




Cols., wh.. 
yelh., redk.. 
gmh. 


Vitr. to 

pearly 


5-5.5 


2.20-2.25 


2 


Orth.; prism. 


VuSif' 




Wh.. grnh.. 
Uuisb. yelh. 
brah. 


Vitr. to 
adamant. 


4.6-5 


3.40-3.60 


6 


Orth.; hemi- 
morph. 


C. Priam,, per. 
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Name. 


ComposJtiOD 


ConUina Al and 

(Ppt. by am. 
ftnd am. oxalate 


Fus. to blebby eaamel; pyro- 


T4e2 8604 


CaAl|AlCOH),| 

(t!iO.).,2H,C 


FuB. to wh. vcBic. globule; not 
pjToelectric. Mesolite con- 


M««>litB 

T462 3605 


NaK:».Al.(AJO). 
<8iO.),.SHK: 


(2)) 




Themtonlu 

T462 B607 


(C-.N^^,,SiC 




Fufl. to wh. enamel; becomea 


T467 S687 


H^8(A10),CSiO, 
2Hrfj" 


LitUsornoAl 


FuB. to clear olau; gives a poor 
jelly "M . «. v™ 


pKtOlit* 

T395 8373 


HNaCa.(SiO,), 



HiSinBa 


Na flame: BaSO. ppt. w. BaCI. 
In HCI sol. 


LaiuHt« 


"2s=^r 




ZdO aubl. on ch. w. soda 


DanaUte 
T414 S435 


GlJl.(R5)(8iO,)i 




Mn in borai bd. 


Helvite 
T414 6434 


GIJl.(RS)(SiO.). 
at.Ma.Fe) 


AaNO^?nHNO. 
sol.; Na flame 


Fua. to eols. eIksb 


Sodallte 
T412 S429 


N8*(Aia)Al,(SiC 




Fus.toopwi,Bmh.bd.; Zrreac 
w. turmeric paper 


Eudlalyte 
(EnMlna) 
T407 8409 


Na.Ca^(SiO,), 
08.C1) ■ ■ 


Wh.BaSO.ppt.w 
BaCl. in dil. 
HC*ol. 


Contains much Ca (Ppt. Bi and 
Al first). 8eeSiUcon{2) 


HauynlU 

(Huiyu) 
T412 8431 


CaNailAlNaSO,) 
C8i0,). 




ContainB UtUo or no Ca 


NoMliU 

(NmhW 
T413 8432 


NB*(A]NaSO,)Al, 


Hd in bonu bd. 
(Cp. wiUemite) 


Wh. ZnO Bubl. in fine powder on 
ch. w.Boda; grn. w. Co(NOi}> 


TROOSTITE 
T423 8461 


(Zn.Mn)aO. 




Little or no Zn 


T422 S457 


MnfiiO* 
CM«. r* Ca. Zn. bo 
Md) 
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Color. 


Luster. 


Hard- 


Specific 
Gravity. 


FuBi- 

Wlity. 


Ctystalliza- 
tiou. 


CleavBBe and 
Fracture. 


Cols., or wb. 


Vitr. or 
silky 


5-6.5 


2.16-2,10 


2,8 


Mon.; us. 

priBm. 


C. prism. 


Cols., wh., 
gry., yel. 


Vitr. to 
rilky 


5 


2.2-3.4 


2-2,5 


Mon.; acic. 


C. priam., per. 


Cola., wh., 
ery.' 


Vitr. to 
pearly 


£^.5 


2,3-2.4 


2-2,5 


Orth.; UB. ra- 
dial 


F." SmTm'^' 


Wh.. yelh., 
gryh., redh. 


Vitr. 
C. pearly 


3.5-4 


3,25-3,36 


2,3 


Mon.; prism. 


C. pinac. and 
prism., per. 


Cols., wh., 
1 Eiyh.,f«lh. 


Vitr. or 

(ulky 


5 


2,68-2.78 


2 


Mon.; ua. acic. 


C. pinae., per. 
F. splint. 


N 30. 


"ss-s" 


Vitreous 


6-5,5 


2,38-2.46 


3 


I>o.;ua.n>a». 


F. uneven 


Bty. 


Vitr. to 
rea. 


5.5-6 


3,427 


3 


Iso, tetrb,; 


F. uneven 


Yel. to yelh. 
& redh-brn. 


Vitr. to 


6-6,5 


3.16-3,36 


3 


ISO. tetrh.; 

U9. lU. 


F. uneven 


Wh..m'.. 

blue ETn., 
r«lh. 


Vitr. to 
Bteasy 


5.5-6 


2,14-3 


3.6^ 


Iso. 


C. dodec. 
F. conch. 


Koee,bmh- 


VitreouB 


5-5.6 


2,»-3,0 


3 


Hei. rhom. 


C. basal, per. 
F. spUnt."^ 


t Blue, Km., 
red, yel.,wh. 


Vitreoua. 


..S-6 


2,4-2,6 


4,6 


Iso. 


C. dodec, 
F. uneven 


blk. 


Vitreous 


5,6 


2.26-2,40 


3.6-4 


Iso. 


P. uneven 


bra. 


Vitreous 


5.3 


4.11-4,18 


4-4.5 


Hex. rhom. : 


C. basal and 


.. 'ff£S- 


Vitr. to 
greasy 


5.5-6 


4-4.12 


3-3.5 


Orth.; us. 


C. pinac. 
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Name. 




Contain Si, Al. 


EaMlysol.inHCl; Nn flame 


NBPHBUTE 

(Eluoun: 
NepbeUne) 

T409 S423 


Approi. NaAlSH 
(Some E BDd CM 




Dif, BDl. in HCl; N« flame w. 


ANORTMITE 


CsAl,{SiO.). 




Fua. w. intumes. to dark slag 


Allan It* 
T440'S522 


R,"IU"'<OH)(Si( 

Pt C«. Nd, PT) 




Fus. w. slight intumea. to grnh. 
or yelh. Klaas 


Mel il its 
T426 S474 


"SS^fSo.,. 


N o t included 
above 


Swells and orackg apart on iga. : 


OadolinlU 
T430 S509 


Be.Fe(YO).(SiO^ 



Micaceoua; flei., 
but not elastic, 
or little 30 


EifoHtttea greatly b.b. Hy- 
drated mita 


Vermiculite 
T478 S664 


Hydrous Mg-Al( 

(AlMPB^wnKt-Sl 


Dif. fua.; Uttleor 
no Al or Ca; 
muchMg. See 
Silicon (2) 


U. ponipact grnb. maas.; eome- 
timea fibrous (chrysotile. 
commercial "aabeatos") or 
foliated (marmolite) 


SERPENTINE 

Murmollte) 
T476 8669 


H.(Mg.Fe)£irf), 
{8omBt.NI. MO.-.; 




Somewhat like a gum or resin 


Deweyiite 

Tlro'sWe 


H.MK.(SiO,)..2H 




Compact, fine earthy teiture; 
when dry floats on HiO 


Sepiolitc 
T4^S6'80 


H.Mg.Si.O„ 

(Sornet. Cu »nd Nl) 


ContainB Ca but 
noAl. aeeSiU- 
con(2) 


Fus. w. intumps. to vesic. enam- 
el; Kflame: H,0 in r.t. (16%) 


APOPHYLLITE 

T452 8566 


2HiKCa.(SiO.].. 
9H^ 


Fus. quietly to wh. enamel; Na 
flame; little H,0 in c.t. (3%) 


Pcctolite 

T395 S373 


HNaCa,(SiO.). 


Beoomea opaq.and 


Na flame; iso., us. trapexobe- 
drons 


T46n S595 


NaAJ(SiO>)..H,0 


Fus. w. intunies. 
to blebby cnam- 


Little 11,0 in e.t.; slowly and 
dif. sol. in Ha 


PREHNITE 

T442 8530 


H,Ca,\l,(SiO,). 
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Color. 


Luatec. 


Hard- 


Specific 


FuaJ- 
bility. 


CryBtalii»a- 


Cleavage and 
Fracture. 


yelh." 


Vitr. to 


5.5-8 


2,55-2,66 


3.5 


Hex.; bemi- 
morpli- 


C. prism. 


Cola., wh., 


ViU-eouH 


&-6.6 


2.74-2,76 


4.6 


Tri. 


C. basal, per. 
F^'lfnei^n*'" 


Bm. to blk. 


Res., vitr. 
to sub- 
met. 


5.5-a 


3,0-4,2 


2,5 


Mod.: us. 


couX^" 


Grn., yel.. 
hrn.. wh. 


Vitr. to 


6 


2.0-3.1 


3 


Tetr.; us. uls. 


C. basa! 
F. uneven 


Gmh. to 
brnh-blk. 


Vilr. to 


0.5-7 


4.0-4.5 


5 


Mou. 


F. conch., 
splint. 





Yd., bm„lt. 


Pearly 


1-1.5 


2.2-2-3 


3,5 


Mon. (7); fol. 


C, basal, per. 




OHve to blkh- 
grn.. yelh- 


Greasy, 
wai-Uke, 
silky 


2,6-5 

Us. 4 


2.5-2.65 


5-6.5 


Mass.; 
pseudm. 


iplint. 




Yel.. brn., wh, 
apple-grn. 


Res. 


2-3-5 


2.0-2,2 


4-5 


Amorph. 


F. uneven, 
conch. 




Wh. to 
giyh-wh. 


Dull 


2-2.5 


2.0 


5-5.5 


Compact; 
earthy 


F. uneven 




Wh., gtnh., 
yelh,, redh. 


Vitreous; 
C. pearly 


4.5-6 


2.3-2.4 


1.5 


Telr.; us. ils. 


C. basal, per. 




Cols., wh., 


Vitr..8ilky. 
C. pearly 


5 


2.88-2,78 


2.5-3 


Mon.;u8. acic. 


C. pinac, per. 
P. splint. 




Cola-, wh., 
yelh.. redh. 


Vitreous 


6-5.5 


2.22-2.29 


2.6 


Iso; us. lis. 


F. uneven 




Apple-grn.. 
gry.. wh. 


Vitreous 


ft-6.5 


2.80-2,95 


' 


Orth. ; us. ren- 
iform or glob- 


F. uneven 
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I 



LEPIDOLITE 

T467 S624 



Exfoliates gresUy: 
fuB, w. dif.; much 
H.0 ia c.t. 



Decomposed 

by boiling 
coQc. HiSOi. 
(Folia lose 
luBter sod 
traoBp. and 
acid becomes 
turbid) ; foliee 
elastic, except 
chlorite and 



BIOTITE 

T46r 8627 



much more readily 
decomposed than 
biotit« 



Col. rdh.; Cr in bo- 
rat bd. 



4ot decom- 
posed by 
boiliDg cone. 
H,SO,. 
(Elakes re - 

and tronq).. 
acid lemains 



Common It. colored 
mica; elastic: us. 
w. quarti and feld- 
spar. Fineacalyus. 
soapy feel, damou- 
rite, serieite, hydro- 



Soft; ereasy feel; fo- TALC 
lis flex, but not oiatiie. . .. 
elastic (cp. museo- T479 S 

vite. above) 



PHLOaOPITE 

(MMDOla MloiJ 
T439 S632 



CHLORITE 

(Clliwcblon. Penn- 
mite, ProdilorKe) 
T472 S643 



K&mmecerite 

(chronM ciiorUe) 
T474 S652 



itUSCOVITE 

Ml Sedolte. aydn 



ParAEonitc 

T467 S823 



LiK[Al(OH,F),]i 



|H,K,Me(F. 0H)I, 
MgiAl(SiO.)i 



H.CMB,Fe)i(Al,Cr)r 



byGooqlc 



Color. 


Luster. 


HaH- 


SpeciEc 
Gravity. 


Fusi- 
bility 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


Lilac, gryh- 
wh., tedh.. 
yelh. 


Pearly 


2.5-4 


2.8-2.B 


2-2.5 


Mon.; us. 
gran, or 
scaly 


C. basal, per. 


"^yel.'.^oiet 


Pearly 


2.5-3 


2.82-3.2 


2-2.5 


Mod. 


C. baaai, per. 


Wh. to yelh- 
grD. 


Pearly 


2.5 


2.70 


4.6-6 


Mon.; 
us. scaly 


C. basal, per. 


Grn., yel., 
bm., blk. 


Splendent 

iVaTd 
submet. 


2.5-3 


2.7-3.1 


5 


Mon. 


C. basal, per. 


BIk. to 

grnh-blk. 


Adamant 
to pearly 


' 


3-3.2 


4,5-5 


Mon. 


C. basal, per. 


Yeth-brn., 
grn., wh., 
cots. 


Pearly to 
Hubmet. 


2.5-3 


2.78-2.85 


4,5-5 


Mon. 


C. basal, per. 


Gra. ot va- 
riouB shades 


Vitr. to 
pesriy 


1-2.5 


2.6-2-96 


6-5.5 


M„.. 


C. basal, per. 


Ros«-red to 
deep red 


Vitr. to 
peariy 


2-2.5 


2.65-3.1 


6-5,6 


Mon. 


C. basal, per. 


Wh eryh 


Vitr. to 

pearly 


2-2.5 


2.76-3 


4,6-5 


Mon. 


C. basal, per. 


Yelh- smb.. 
gryh-wh. 


Pearly to 
vitr. 


2,5-3 


2.78-2.90 


5 


Mon.; ua. 
scaly, gran. 


C. basal, per. 


Apple-gm., 


Greasy; 
C. pearly 


1-2.5 


2-55-2.80 


S 


Orth,(T); ua. 

fol. or mass. 


C. basal, per. 


1 Pink. gry.. 
1 wh.,ydh. 


VitreouB; 
C. peariy 


3.6-4.5 


2,99-3.08 


4-4,5 


Mon. 


C. basal, per.; 
brittle 
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SECTION K 








Name. 


Compoation. 


PELD- 

SPARS: 
2 cl. at 90° 

FUB, dif. 


K flame, w. 
powdered 

gypaum 


Microcline may show 
striationa on cl. or 
d. faces, but UB. not 
distiog. by phys. or 
bp. characters 


ORTHOCLASE 

(Pouab Feldiipar) 
T370 S315 


KAlgi.0. 


MICROCLfNE 
T373 S322 


KAlSi.0, 


G.' 2.6-2.8 


Strong Na 
flame w.pow- 


beatcleav.; these 

tinuouB series from 
albite to anorthite 
and are scarcely 
diating. by b p. 
methods. Labra- 
dorite slightly Bol. 


ALBITE 

leoda PeMapu) 
T377 S327 


NaAlSirf). 




OLiaOCLASE 

T378 S332 


n(NaAlSi^,) 
m(CaAI,8uO.) 




(N»-C« FEIdspm 
T379 S333 


7.(NaAlSi.O.) 
m(CaAl,Si,0,) 
(n^a-a^Stol:)) 




S-il."'- ■"'" 


LABRADORITE 

(C»->-. Fel(Hp«r) 
T379 S334 


n(NaAlSi^d 
m(CaAl,Si,0,) 




ANORTHITE 

T380 8337 


CaAl^i^. 


Li flame (sometimea 
obscured by Na). 


Swells and tus. to clear or wh. 
glaaa. Hiddenite (emerald- 
green) and kunzite (lilac) oie 


SPODUMENE 

T393"S366 


LiAKSiO.), 

(N.1W.W.IJ) 




Blue phosphorescence with 
gentle heat. Fus. to wb. 
enamel 


PeUllte 
T369 3311 


LiAl(S1.0.), 

CN.UB.W.LI) 




F reac. w. glass and KH80,; 
P reoc. after fus. w. soda 


Amblygonite 

T503 S781 


Li(AlF)PO. 

<N. no. W.U;OHW. 


B flame (Cp. aii- 
nite, below) 




Danburlte 

T431 S490 


CaB,(SiO.). 


ing; fus. to cols, glass 




Fus. w. intumes. to wh. glob- 
ule; Cl reac. w. CuO on oh. 


Boraclte 

T518 8879 


Mgrf;i,Bi.O.. 




Much HiO in c.t. 


Howlite 
T519 8881 


Ca(BO.OH),SiO. 


B flame w. KH80. 
and fluorite 


Fus. w. intumes. and palo B 
flame 


Axlnlte 

T441 8527 


CatAl,B.(SiO.). 
(MB.Pe.M«,Zo.e,' 






FuB. w. intumes. to blebby 
glass or slag. Pyroelectrio, 
especially lighter colored va- 
rieties. Achroiteci>U.:indi- 
coliteblue; rubellite red 


TOURMALINE 

dloollt*: RubeUlte) 
T447 S551 


R,>(BOH),(SiO,). 

CR-Ai, FcMgchW 
often nnw Md. c 
N». K. Li; H) 

(I'lB.W.OB) 
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Color. 


Luster. 


Hard- 


Specific 
Gravity. 


FuHi- 
bility 


CrystalliBB- 


Cleavage aod 




Cola., wh.. 

eream, flesh- 
red, gry.igm. 


VitreouB 
ly '''"' 


6 


2,57 


5 


Mon,; 
FigB. 64-66 


C. basal, per. 
Hndpiiiac.90° 




Wh., cream, 
red. gm. 


Vitr. to 
pearly 


6-6.5 


2.64-2,57 


5 


Tri. 


C, basal, per 
aiidpinac.89^30' 




Cols., wh., 
gry.. rcdh.. 


Vitreous 
to pear- 
ly 


6-6. S 


2.62-2,65 


4^,5 


Trl.; Fig. 68 


C. basal, per. 
and pinac. 

89° 24' 




Colfl., wh.. 

Often a beau- 
tiful play of 

piuacoid 

(010) 


Vitr. to 
pearly 


6-6.5 


2,65-2,87 


3.5-4 


Tri.; UB.maBS. 


C. basal, per. 

and pinac 
86= a2' 




5-6 


2.68-2.89 


3.5^ 


Tri.;uB.maaB. 


C. basal, per. 
and pinac. 
86" 14' 




5-6 


2.70-2.73 


3-3.5 


Tri.;u9. masB. 


C. basal, per, 

Sir"- 




CoIb.. wh.. 


pe^ly 


6-6.5 


2.74-2.76 


4,5-6 


Tri. 


C. basal, per. 
and pinac. 
85-50' 




Wh.. gry., 
pink., emer- 

purple 


Vitr. to 
pearly 


6.6-7 


3.13-3.20 


3,5 


Mod.; 
us. prism. 


?:=„'"■ 




Wh.. gry., 
pmk, gmh. 


VitreouB: 
C. pearly 


6-6.5 


2.39-2.46 


4 


Hon.; 


C. basal, per. 


F» 


Wh. to pale 
grn., or blue 


Vitr. to 
O^^ly 


6 


3.01-3.09 


2 


Tri.; us. masa. 


C. basal, per. 




Wh. to pale 


Vitreoua 


7-7.25 


2.97-3.02 


3,5 


Orth. 


P. uneven 




Cols., wh.. 
py., yel, 
gm. 


VitreouB 


7 


2.9-3.0 


2 


Ibo. tetrh. ; 

UB. lis. 


F. COQch. 




Wh. 


Vitreous 


3.6 


2,56-2.59 


2 


Nodular, fi- 


F. splint, or 


« 


' Clovp-bra., 


Vitreous 


6.5-7 


3.27-3,35 


2-2.5 


Tri. Fig. 67 


C. pinac. 
F. conch. 


' 


Blk., bm., 
srn., blue, 
red, pink 


Vitreous 


7-7.5 


2.98-3.20 


3-6 
Us. .3 


Hex. thorn.; 
hemimor. 
Fig. 51 


F. conch to 
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Name. 


Composition. 


Un In BodB bd. 


Oel.w.HCl after fU8.; Iso. 


SPESSARTITE 

(Md C.*nmt 
T417 S442 


Mn.Ai,(SiO.). 




Do not gel. 
afWrfuB.;2 
cl. nearly 
90- 


FuH, to nearly 
blk. glMs 


RHODONITE 

T395 8378 


MnSiO. 

(Fr, O taO. w. Md) 




Wh. ZoO Bubl. 
w. Boda on ch. 


Fowlerite 
T396 S378 


(Mn,Zn)SiO. 




(Mn-Bn PjTOHBrt 
T390 S358 


<C..Mg,M..P.. 




FuB. to brnb. 
Bla«. 


Schefferite 
(Mn PyroHMl 
T389 S357 


,C.,M.„M..™ 




Fun. w. much intumen. to blk 
slaw 


PfKlmORtlt* 

(Mn BpMole) 
T440 8521 


«^»^."" 




C. peri, at 56» and .IBS" (Am- 
pfobole) 


(Mo AmimFlmH) 
T401 S391 


(Mg,Mn,Ca.Na,], 
(8iO.). 




Cb reac. Bft«r riis. w. borax; 
eamarskite eives U reao. in 
a.ph. bd. 


COLUMBITE 
T400 S731 


(Fe,Mn)Cb.O. 

uHW) 




T492 S739 


R."R."'(Nb.Ta)^ 

(B"-PtCfcUO.> 
R'-'-OudYlDCU 




W lenc. 
after fUB- 
w. soda 


W. little soda on 
ch. becomee mag 
(Cp. terberite) 


WOLFRAMITE 
T639 SB82 


<Fe,Mn)WO. 




1 


el. WO, reB. on 

boilini? in HCl 


Hubnerlte 

T539 8982 


MnWO. 
(Fe t». w. Md] 




for Ca w. am 
oxalate 


SchHilte 
T540 S985 


CaWO, 

(Ui.ii»uo:Mnn. 


Ti in i.ph. bd. 


FuB. w. slight iDtumes. to col- 
ored glau 


TITANITB 

(Rpbeiw) 
T486 S712 


CaTiSiO, 

(Somen: *aD»t.M 










Benitoit* 
Ap. II, 14 


BaTiCSiO.). 
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Color. 


Luster. 


Hiird- 

neas. 


Specific 


Pusi- 

biUty. 


Crystallii*- 

tiOQ. 


Cleavage and 
Fracture. 


Brnh-red to 
hyacinth- 
ted 


ViWeous 


6.5-7.6 


4.0-4.3 


3 


ISO.; 


us. lis. 


F. uneven to 
concfa. 


Rose-red. 


Vitreous 


5.5-6.5 


3.4-3.68 


2,5-3 


Tri,; 


us. msss. 


C. prism, per. 
F. uneven 


Rose-red 


Vitreous 


5.5-6.6 


3.67 


2,5-3 


Tri. 


C. prism, per. 


Groh-blk. to 
bra. 


Vitreous 


5-6 


3.6 


3-3,6 


Mod. 


C. prian. 
P. uneven 


YEih-brn.. 
redh-bm., 
bik. 


VitieouB 


5-6 


3.5 


* 


Mon. 


C. prism. 


Redh-bm. to 
redh-blk. 


Vitreous 


6.6 


3.404 


^ 


Mon. 


C. baml, per. 


Bm^y^, 


Vitreous 


6.5-fl 


3.09 


4 


Mod. 


prism. 


?:SSS"- 


Fe-blk. toery 
A brDh-l:^. 


Res. to 
submet. 


^ 


6.3-6,5 


5-5.6 


Orth.; _ 


F. uneven 


Velvet^blk. 


Vitreous 


5-6 


5.6-5.8 


4.6-6 


Orth.; 


F. conch. 


Dk. gryh-blk. 
tobrnh. hlk 


Res. to 


5-6,6 


7.2-7.5 


3-3, S 


Mon. 


us. lis. 


C-P^^Per- 


Bm. to bmh- 
blk. 


Reg. 


5-5.6 


6.89-7,35 


4 


Mon. 


C. pinac. p». 
F. uneven 


Wh.. yel.. 

) gm., bm., 
redh. 


Vitr. to 
adsmaiit 


4,5-5 


5.8-6.1 


5 


Tett. 


C. pyram. 
F. uneven 


Gry., bra., 
yel., em. 


Res. to 


5-5.5 


3.4-3.56 


3 


Mon 


UB-lls. 


P.' uneven 


blue, cola. 




8.25-6.5 


3.64-3.66 


3 


Hex.; 

us. prism. 





b.Gooi^lc 
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Name. 


CompositioD. 


GARNET. — F u .. 

TMOVite) and gel. 
w. HCl after Tub. 
Mb. dodecahe- 
drons and tiBpeio- 
hedrona. (FioB. 13. 


Cft (grosmilarite) or M« (py- 
rope) ppt. alter (us. w. soda 

(See Sifioon (2» 


QROSSULARITE 

(C»-AI G«Det> 

T416 S439 


CaiAl,(SiO.), 
{Fe,M«.Mnl»... 


PYROPE 

(M(-A1 QuBft} 

T416 S440 


Mg.AI,(SiO,), 
(F*. ca ■». w. Mc: 
Fa. Ct. t». w. U) 




FuB. to mag. globule 


ALMANDiTE 
<Pe-AIOuwt> 

T416 844! 


Feai.(SiO0. 
(Mn, Ml, Calso.w. 




Mn in borax bd. (strona) 


SPESSARTiTE 

(MdOuhU 
T417 8442 


Mn.AJ,<SiO.). 
(!«, Cb too. w. Ms: 

I^ 1«. W. Al) 




Partially sol. in HCl w. gel 


ANDRADITE 

(Ci-Pa Ounel) 
T417 8437 


CaJe,(SiO.). 
(Fs.Mn.ME. Cam 

Ca; Al!«. w.Fe) 




Crias.ph. bd.; fus. w.dif. 


Uvarovite 

(C«-CrG»niM) 
T417 S444 


Ca/>.(SiO.), 
(AI IB. w. Cr) 


AMPHIBOLE 

intumes. Prism 
BDd cl. angles 56° 
and 124=. XIb.ub 
prismatic, often 
dii-ergent or ra- 
dial-columnar 


Fus. to dark shiny globule; 
us. intumes. slightly and 
gives Na flame 


HORNBLENDE 
AMPHIBOLE 

T402 3392 


Ca{Mg.Fe),(SiOji 
Na,(AI,Fe),(&a 


Fus, to gmh. or brah. globule; 
but little Na flame 


ACTINOLITE 
(Nephrlle or Jute 

T400 S389 


Ca(Mg,Fe).(SiO.) 


Separate ils. ub 
elided, vertically 
striated, and ter- 


Fus. to cols, or nearly cols 
glass; Boroetimes asbesti- 
form {fibrous) 


TREMOLITE 

T400 8388 


CBMg.(SiO.). 


planea 


asbestiform 


T398 8384 


(Mg.Fe)SiO, 




Strong Na flame (Cp. riebeck- 
ite) 


Qlaucophane 

T403 8399 


(Mg'U.Fe);(Si( 


PYROXENE Gwup 

— Fus. quietly or 
w. little intumes 


Dif, fuB, (6); luster often me- 
taloidal (Cp. hypfrBthene) 


ENSTATITE 
T384 8346 


(Mg,Fe)SiO, 


angles 87° and 
93°; cleav. not 


FuB. to cols, or nearly cols, 
glass 


T388 8355 


CaMg(SiOi). 
(Fe Isa. w. Mg} 


very pronounced 
Xis. ua. nearly 

rn^ateS"^^.^ 


Fus. to gnJi. or brnh. glasa; 
eol. deepens w. increase of 
Fe. Diallage is lamellar to 
fibrous ir. pearly to metal- 
loidal luster 
(Continued next page) 


PYROXENE 

T387 8356 


Ca(Mg,Fe)(SiOj). 


Basal parting of- 
ten distinct 


T389 S353 


CaFe(8iO.). 

<MBl».-. Fe) 
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11» 


Color. 


Luster. 


Hard- 


Spedfio 
Gravity. 


Fusi- 
bility. 


Crystalliia- 

tioo. 


Fracture. 


Pale red, yel,. 


Vitreous 


6.6-7.5 


3.56-3.66 


3 


Iso.: us. xU. 


F. uneven to 
concb 


Deep red to 
redh-blk., 
rarely purple 


Vitreous 


6.5-7.5 


3.7-3.75 


3.6-4 


ISO.; us. xls. 


F. uneven t* 
conch. 


Deep red t<i 

bmh-blk. 


Vitreous 


6.5-7.5 


3.9-i.2 


3 


Iao.i us. lis. 


F. uneven, 
conch. 


Brnh-red lo 
hyacinth- 
red 


Vitreous 


6.5-7.5 


4.0-4.3 


3 


Iso.; us. lis. 


F. uneven to 

CODCh. 


Wine-red, 

Btnh., yel., 
Em. to blk. 


Vitr. to 


6.5-7.5 


3.8-3.9 


3.5 


Ibo.; us. xls. 


F. uneven to 

conch. 


Kmerald-gm. 


Vitreous 


7.5 


3.41-3.62 


6.5-6 


Iso.; us. lis. 


F. conch. 


Gm. to blk. 


Vitr. to 
pearly 


5-6 


3.05-3.47 


3-4 


Mon.; us. »ls. 


C. prism, per. 
F. uneven 


Gro. of va- 
rious shades 


Vitr. to 

pearly 


6-^ 


3.0-3.2 


^ 


Mon.; piism. 


'■■—»'"'■ 


Wh., gry. 


Vitr. l<i 
pearly 


5-6 


2.9-3.1 


* 


Mon. 


C, prism, per. 

F. uneven 


Gry.. clove- 
bn,.,Bni. 


Vitr. to 
pearly 


5.5-6 


3.1-3.2 


5-6 


Orth.;us.fibr. 
or mass. 


C. prism, per. 


Laveoder-blue 

pyh., and ' 
bluiah-blk. 


Vitr. to 
pearly 


6-6.5 


3.10-3.11 


3-3.5 


Moo.; 

us. mass. 


C, prism, per. 


Yelh., gry., 
bm., gm. 


Pearly to 
broDEy 


5.5 


3.1-3.3 


5-6 


Orth.; 
us. mass. 


C- prism. 


1 Cola., wh., 
I palegm. 


Vitreous 


5-6 


3.2-3-38 


4 


Mon.; us. lis. 


C. prism. 


1 Lt. todk-crn. 

1 


Vitreous 


5-6 


3,1-3.5 
Us. 3,3 


4 


Mon.; us. ils. 
Figs. 62, 63 


F.' uneven 


' Gmh-blk. to 
1 blk. 


Vitreous 


5-6 


3.5-3.68 


2,5-3 


Mon. 


C, prism. 
F. uneven 
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Name. 






FuB,t08hiiiyblk.glaBs; often 
Na flame; contains Al and 
(emcFe 


T390 8368 


Na(A].Fe)(SiO,)i 




Pus. to bik. Blobule, some- 
what mag. ; strong Na flame 


Acmlte 

T39l'*S364 


NaFe"'(SiO.). 




FuB. readUy to transp. blebby 
glass: Na flame. Us. in very 
tough compact mass 


Jadclte 

t'393''s3S 


NaAl{SiO,), 


FiiB. easily to wh 
tranal. slaaa 


Wh. ppt. BaSO. in HCl sol.; 
much H.O in c.t. at low 


Karmotoma 
T45«-S681 


H,{B|K,)Al,CSiC 


FuB, easUy to cola 
blebby glaas 


Sol. w. gel. after ign.; H,0 in 
c.t.; very hard 


LawBonite 
T447 Ap. I, 41 


C8(Al<OH>,I,(SiO 


Pub. dif. and quietly 
(Cp. wricite. va- 
riety o niuBco- 


WhitenB and fua. to veeic. sco- 
ria; varieties with Na, Li 
Cb, more fus. 


BERYl. 
T405 8405 


{NnlHC»il«.w. 




A litUe Hrf) on interna ign. of 


lollte 

't«7^3419 


H,(MB.Fe). 

AHSiioOir 


FuB. to wh, enamel 
w omnge-yel. 
phoBphoreecence 


Acid H,0 in c.t.; P reac. w 
am. mol. after fus. w. soda 


Herderit« 
T503 S760 


CalGl(F.OH)]PO 


Fua. w. intume^ 


To (ffnh.otbmh. glass; gel.w 
HCl after fus. 


VESUVIAMTE 

*T427%77 


CaJAl(OH.F)) 

{Al.Fe),(SiO,; 
(Ms.ye.Mi.Bo. w. 




To wh. blebby glass; strong 
Na flame: AgCl ppt. w 
AgNO. in dil. HNO. sol. af- 
ter fus. w, soda 


WERNERITE 


n(Ca4AliSi.O«> 

m(NawU£i.O«Cl 




To wh. blebby gUss; gel. w 
Ha after fus. Hrf>inc.t. 


PREHNiTE 

T442 S530 


H.CauU.(SiO0> 




To a slag which 
gel. w. HQ; 
a little Hrf) 


Lt. col. slag 


ZOlSiTB 
T437 S613 


Ca,(A10H)AJ,(Sii 




der in c.t. 


Bm. or bIk. 

slag; us. 
mag. 


EPIDOTE 


Cgj^OH,<«,F. 


Exfoliatea uid fua. 
w. dif. Gi-eBBy 
ted 


Pink col. B 
Co(NO.).; u 
c.t. on intenw 


. Kiveii^H,0 hi 

ign. 


TALC 
(BtHllM. fkopMoiH) 
T470 8678 


H,M»(S10.). 
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Color. 


Luster. 


Hard- 

ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Cryatalliia- 


Cleavage and 
Fracture. 


>' 


Grnh-blk. to 
blk. 


VitreouB 


5-6 


3.26-3.43 


3-4 


Mon. 


C. prism. 
F. uneven 




°£Si.V 


Vitreous 


6-8.5 


3. 50-3. 55 


3.5 


Mon.; prism. 


?:S=. 




''ii-- 


Vitreous 
C. pearly 


6.6-7 


3.33-3.35 


2,6 


Mod,; 


C. prism. 
F. splint. 


■'■ 


yel.l red.'brn 


Vitreous 


4.5 


2,M-2,50 


3.6 


Mon.; 
UB. twinned 


C. pinac. 


■ 


Pale blue to 

gryh-btue 


Vitr. to 
greaay 


8.25 


3.084- 
3.091 


' 


OHh.; us. lis. 


C, basal and 
pinac, per. 


» 


Gni.. blue, 


Vitr. to 


7.5-8 


2.63-2.80 

UB.2.fl9- 

2.7 


5-5.5 


Hex.; us. ila. 


F. conch, to 




Blue to violet 
■uidcola. 


Vitreous 


7-7.5 


2.60-2,06 


5-6.5 


Orth. 


C. pinac. 

F, coneji. 




Wh. to pale 
gni. or yel. 


VitreouB 


6 


2.99-3.01 


4r-5 


Mon. 


P. uneven 


») 


Grn., bm., 
yel., blue, ■ 
red 


Vilr. to 


6.5 


3.35-3.46 


3 


Tetr. 
Figs. 37, 38 


F. uneven 




Wh.. gry.. 
Kmh.. blu- 
ish, redh. 


Vitr. to 

pearly 


5-6 


2.66-2.73 


3 


Tetr. 


C. prism, and 




Apple-gm., 
gry,, wb. 


Vitreous 


6.6-5 


2.80-2.95 


2 


Orth.; 
us. rpniiorm 


F. unei-en 


0> 


Gryh-wh., 
grn., pink, 

yelh-bro. 


Vitreous; 
C. pearly 


6-6.5 


3.25-3.37 


3^ 


•^i^ 


C. pinac. per. 




Yelh. to blkh- 
gm., ery. 


Vitreous 


6-7 


3.25-3.5 


3^ 


'^::i^. 


C. ba^l^^P"- 




AppkHSm., 
gry., wh. 


C. peirly 


1-2.5 


2.55-2.80 


5 


Orth.(T); us. 
fol. or mass. 


C. basal, per. 
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SECT 










Name. 


Compoaiti 




CARBO- 
NATES. — 
CO, eServ. 
in dil. HCl 


Br flame; awellii 


Wh. ppt. SrSO. w 
dil. HiSO, in dil 
HClBol. 


STRONTIANITE 

T3e2 8285 


SrCO, 

(Somet. Ca Ik ■. 1 




Ba flame on in- 
teDBeisn. 


Wh. ppt. BaSOt w. 
dil. "fl^SO. in dil. 

Ha sol. 


"^■^ 


CbBb(CO.>, 






HiSO< Kives 

CaSO. ^ ^ n 
CODC. HCl sol 
but not in 
very dil. sot. 


Lumpi eRerv. freely 
in eold dU. Hdl. 

powder below red 
heat in c.t. 


CALCITE 

(Cale Bdu: MuUg; 
UraatDDe; CUrik.I 
T354 S262 


CaCO. 
(Uc Pe.Uii.PbH 




ARAQONITE 

T361 8281 


CaCO, 
(St. n too. w. Cs) 




ence of Ca 
^8rtndB^ 


Lumps efferv. freely 
in hot but not in 
cold dil. HQ; aol. 
reac. for Mr after 
ppt. of Ca 


DOLOMITE 

'^7^8271 


CaMgCCC). 
(Fft Mn. too. w. Ml 




Becomes blk. and 

ppt. w. am. after 
a drop^'of HNO.' "' 


7^S^l 


Ca(MB,Fe)(CO,], 




Much H.0 in c.t.; 
wh. BaSOi ppt. w. 
Bad. in diT^HCl 

sol. 


T483 SS9S 


CaCO.,C»SiO..Ci 
15H.O 




Contains Mg 

—Little or no 
ppt. w. am 
oxalate in 
HCl Bol., but 
rouch w. Na 

AlkaliDe reac 

paper may be 
weak 


pale pink on iin. w 
Co(lJo.)^ Breun- 
nerite (pvas much 
Fe(OH)i ppt. w 
am. after bojling 
HCl sol. w. a drop 
of HNO.. Hydio- 
magncsitc givea 
much H,0 in c.t. 


"t368^|27? 


MgCO. 




(Fa MHDtdtai 
1^8274 


(Mg.Fe)CO. 
(Mn m. w. MO 

Mg.(MgOH).(Ca 


Sol. quietly 
ID warm HCl 


Glows on ian.; becomea pale pink if 
ppevioufliy moUtened w. Co(NO,). 


BRUCITB 
T351 S262 


Mg(OH), 

(l^Mnl».w.Mg) 


ct. and 30. 
odor after 
intense i«n. 


'So'SfoS 


Readily aol. in HiO 


Kallnlta 
(PourtAlam) 
TS35 SQSl 


KA1(30.>.. 12Hrf) 


Slowly attacked by HCl 


AluniU 
T637 897* 


K[A1<OH)J.CSO.). 

(N.too,W.K) 
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Color. 


LuBter. 


Hard- 


Specific 
Gravity. 


CryatalliM- 
tion. 


Cleavage and 
Fracture. 




Wh., gry., yel., 
arn. 


Vitreous 


3.5-4 


3.68-3.71 


Orth.; UB. 


C. prism. 




Wh., gry.. yel., 
gm. 


VitreouH 


* 


3.64-3.66 


Mon.: 
us. prism. 


C. priam. per. 


.„, 


CoU.. wh.. 
and variouB- 
ly tinted 


VilreouB 


3 


2.71-2.72 


Hei.; rhom. 
Figs. 46-50 


C. rhom. per. 




ColB., wh., and 
variouBiy 
tinted 


VitreouB 


3.5-4 


2.93-2.B5 


Orth. 


C. pianc. poor 




Cola., wh., BQd 

variously 
tinted 


Vitr. to 
pearly 


3.6^ 


2.8-2.9 


Bex. rhom. 


C. rhom. per. 




Bra., Biy- 
redh., seldom 
wh. 


Vitr. to 
pearly 


3.5-4 


2.95-3.1 


Hex. rhom. 


C. rhom. per. 


0.. 


Wh., cols. 


Vitr. to 
dull 


3.5 


1.877 


Hex.; fibr, or 


F. splint. 




Wh.. yel.. gry., 
bm. 


Vitreous, 


3.5-4.6 


3.0-3.12 


Hex. rhom.; 
us. mass. 


C. rhom. per. 




Yelh., bmh., 
gry. Seldom 


VitreouB 


3.6-4.5 


3.0-3.2 


Hex. rhom. 


C. rhom. per. 


.3H^ 


Wh. 


Vitr. to 
Bilky 


3.5 


2.15 


Mon,; UB. ado. 






Wh., gry., gen. 
blue 


Waiy.viU 

C. pearly 


2.5 


2.38-2.4 


Hex. rhom.; 
us. tab. 


C. basal, per.; 

flex. 




Cols..wh. 


VitreouB 


2-2.5 


1.76 


"^ffi: 


C. conch. 




^A"- 


Vitreous 


3.5-4 


2.68-2.76 


Hex. rhom. 


C. basBl 
P, uneven 
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Name. 


Composili 


CARBO- 
NATES.— 


Mn in bar« 


F<iloinakeDiag.oD 
ch. 


RHODOCHROSITE 

(DUIodU) 

T369 8278 


MnCO. 
(C Fe, Ma. Zn 1. 


Ni in botax bd 


Hrf) in c.t. 


Zaratlto 
T367 S306 


(NiOH),CO,.Ni( 
4H.O 




Wh. ZnO BUbl 
w.sodaoncb 
Gni. wibl. if 

w. Co(NO0. 


UtUe M DO H.0 in 

ct. 


SMITHSOMTB 

(Drr-tHH Ore; 

T360 S27S 


ZnCO. 

CCfcM«,l*.Mn.C 




Hrf) in c.t. ;Cu flame 
w. HCI 


Aurkhalclta 

T36a S298 


2(Zn.Cu)C0..3{i 
(OH). 




HiOinc.t.jnoCu 


T366 3399 


ZnC0..2Zn(0H), 




Become blk. 
and mag. on 
ijpi.; ferrous 


HCI sol. reac. for 
both Mb and Fe. 


T358 S274 


(Mg.Fe)CO, 
(Mn mo. w. Ms) 




Little ot no Mg or 
Ca. (See Magno- 
dum <3)) 


SIDCRITE 
(SpoCtiM Inm) 
T359 S276 


FeCO. 

(Ca.Mc. MnlH.w. 




Mg reac. in 
HCI. Bol. after 
removing Fe 
andCa. (See 
Magneaum 
(3)) 


LitUe or no S£> in 
c.t. 


MAQNESITB 
T368 S274 


MgCO. 

(Fe i», w. Me) 




Much Hrf> in ct. 


"ATS- 


Mg.<MgOH),(C0 


SULPHIDES. 
— H.S ef. 
terv, ID hot 


Wh. ZnO Bubl. after intense ign. w. 
eoda on ch.; subl. gm. w. Co(NO.)i 


SPHALERITE 

(ZUhs Bkndc) 
T291 859 


ZnS 

(F«,MD.CdlK.«.! 




Red-brn. CdO subL after intense ign. 


T294S69 


CdS 


SULPHATES. 

— Wh. ppt. 

IS r. 

HClaol. 


Al reac. w. 
Co(NO.>, on 
ch. 


Readily «.!. in H,0; 


T535 SBSl 


.KA1(SO.).,12H,0 


Sol. in H^: 
no flaioe reac. 


Alunogen 

T536 S958 


AI.(8O0..18H.O 




Insot. in H^ 


Aluininite 

T637 8970 


AI.(OH).80..7H.( 




ReadUy boI. in H^; wh, ZnO buW. w. 
soda on ch. after intense ign. 


Goslarite 
T533 8939 


ZnS0..7H^ 

(FeM ■.Zs) 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


CcystaUisa- 
tion. 


Cleavage and 

Fracture. 


. Mo) 


Rose-ted, dk. 
red, brn. 


Vitr. to 

pearly 


3.5-4.5 


3.45-3.00 


Hex. rhom.; 


C. rhom. per. 


I).- 




Vitreous 


3-3.25 


2.6-2.7 


Mass.; com- 


F. smooth 


„...., 


Bm., em.. 
blue, pink. 


VilieouB 


5 


4,30-4.46 


us, botry, ' 


C. rbbm. per. 


Cu) 


Pale grn. to 
blue 


Pearly 


2 


3.64-3.64 


Mon.; us. ado. 






Wh.. Ery.. yel. 


Dull 


2-2,5 


3.68-3.8 


Earthy; com- 
pact 






Yelh. bmh., 
BH'. Seldom 


Vitreous 


3.6-4.5 


3.0-3.2 


Hei. rhom. 


C. rhom. per. 


.> 


Gry.Sc brn. of 
different 


Viti, to 
pearly 


3.5-^ 


3.83-3.88 


Hex. rhom. 


C. rhom. per. 




Wh.,yel., gry., 
bm. 


Vitreoua. 
silky, 
dull 


3.5-4.5 


3.0-3.12 


Hpi. rhom.; 


C. rhom. per. 


..3H.O 


Wh. 


Vitreous 
to silky 


3.6 


2.15 


Moii.;uB.acic. 






nSi-eA. 


Res. to 
adamant 


3,5-4 


3.9^.1 


ISO. t«tr.; 
us. mass. 


C. dodec. per. 
F. conch. 




Honey, citron, 
or orange-yel. 


Res. to 
adamaot 


3.0-3.6 


4.9-6.0 


Eei. hemimor. 
us. incruBt. 


C. prism. 
F. conch. 




Colfl., wh. 


ViUeouB 


2-2.6 


'■" 


'"..ffi; 


C. conch. 




^"•^^ 


Vitr. to 
silky 


1.5-2 


1,6-1.8 


Mon.;us. fibr. 






Wh., opaq. 


DuU. 


1-2 


1.66 


Mod.; us. coco- 


F. earthy 




"ill-- 


Vitreous 


2-2.6 


1.0-2.1 


Orth.; 


C. pinac. per- 
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Name. 


Composi 


Cont&lnB Fe; black- 

b.b°tu8. (m"ui 
fine BpUnten: 
dowly Ml. in HCt 


red 


LitUe or do H.0 in 

c.t. 


HEMATITE 
T334 8213 


Fe>0. 


Hrf)inc.t.; ua. de- 


Tuntlta 
T350 S245 


(FeO.OH),Fe,( 


reacts for ferric 
Fe 


St. yelh- 

Hidin 
c.t. 


Ufl. priamatic xla. 


aOETHlTB 
T349 3247 


FeO(OH) 




miliary, botryoid- 
al, BtalactiUo 


Bo«lnraOr«) ' 
T350 S350 


Fe,(OH)J-e^, 


MninboTaibd. 


Wh. ZnO aubl. ». soda on ch. 


ZINCITE 
T332 8208 


ZnO 




Earthy, powdery, frotliy ; HtO 
inct. 


WAD 
T353 S267 


MnO,MnO,,H,0 

(Orun Fc Bl. AL [ 


Co in bot» bd. 


MninBodHbd.: HiOinc.t. 


AsboUle 
(Euihy CoHaIO 
T352 3258 


Co,Mn Olides 
(Orta Fi.St.AU 


P reac. w. am. mol. 


Wh. CsSO. ppt. w. H,SO, in 
cold cone- HCl sol. F reac. 
w. H,SO< 


APATITE 
T497 8762 


Ca,CCaF)(PO.). 
(CI IB. w. P. R« 


Much Mb; no Ca 
(See Magnesium 


Brilliant glow on intenae ign. ; 
Mb reac. w. Co(NO,), on ch. 
if mineral ia It. col. 


BRUCITE 
T351 8252 


Mb(OH), 
tFMUDtoo.-.r.V[ 



Wh. ZnO subl. w. 
aodaoD ch. Gm. 
aubl. it ch. pre- 
viously moistened 
w. Co(NO.)i. 


HiOinc.t.; pyroeleolric 


CALAMINE 

T446 S546 


(ZnOH)£iO. 


Little or no 
HiOinc.t. 


A UtUe H^ OH 
sol. in HCl 


Danalit* 
T414 S435 


Gl.R.(RS)(Si04 

(R- Mn. »^ Zn) 




No H,S on sol. 
in HCl 

(Cp. troostite) 


WILLEMITE 
T422 S460 


Zn.SiO. 

(Mn.F<l».w.a| 


Cu globule w. Boda 


Hrf) in c.t. 


Dlopta» 

T424 S463 


HiCuSiO, 








„,„„.., Goi 


>^lc 





Color. 


Luster. 


Hard- 


SpeciGo 
Gmvity. 


CrystalluB- 
tion. 


Cleavage and 
Fracture. 




Red to redh- 

bik. 


DuU to 
gubraet. 


5.6-6.5 


4.9-5.3 


Mass.; earthy 


F. uneven, 
apliut. 




Redtoredh- 
blk. 


Dull to 
submet. 


5.5-6 


4.14-4.6 


Botry.; crusts 


F. uneven, 
splint. 




Yal. orredh- 

bm. to blk. 


Dull to 


5-5.5 


4-4.4 


Orth.; 
us. prism. 


C, pinac. per. 
F. splint. 




Yel., brn. to 
brnh. blk. 


Dull, 
silky 


5-5.5 


3.6-4 


Mass.; fibr. 


F. splint 




Deep red Ifl 
orange-yel. 
St. yel. 




4-^.5 


5.43-6.7 


Hex. hemimor. 


C. basal, per. 
F. uneven 




Bluish or brnh- 
blk. to dull 
blk. 


Dull 


1-6 


3-4.26 


EarUhy; mass. 


F. uneven 




Blk., bm. 


Dull 


1-2.5 


3.15-3.29 


Masa.; earthy 




,M. 


Gm., blue, 
violet, bm., 
yelh., coU. 


Vitr.to 


4.5-5 


3.17-3.23 


Hex. 


C. basal 
F. uneven 




"■'=^" 


Waiy, 

vitr.; 
C. pearly 


2.5 


2.38-2.4 


Hex. rhom.; 
us. tab. 


C. basal, per.; 
flex. 


>N 36. 




Wh., pale-gTD., 
blue 


Vitreous 


4.5-5 


3.4-3,5 


Orth. hemimor 


C. prism, per. 




Flesh-red to 


Vitr.to 
res. 


5.5-0 


3.427 


Ibo tetrh.; 
us. mass. 


F. uneven 




Yel., red. grn.. 
bm., wh., 
cols. 


Vilreous 


6.5 


3,9-4.18 


Hex. rhom. 


C, basal and 

Fi^r^ven 




Emerald-gm. 


Vitieous 


5 


3,28-3,35 


Hex. rhom.; 
UB, prism. 


C. rhom. per. 
F. conch. 
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Name. 


Compositij 


Fe ID borax bd.; 
Utile ot no Hrf) in 

(Cp. the ncKt 3 
mineTBls. which 
often react tot Fe) 


Much Me but no Al or Ca in 

(3)) 


CHRYSOLITE 
(OIlTlu. Fertdot) 
T420 S461 


(MB,Fe)^iO. 


Swells and craoki apart on 
iga-; often slowe 


TJ36 8509 


GlJ-e(YO),(SiOJ| 


F reac. w. KHSO, 
and slaas in ct; 
may also react for 
Fe 


A little HiO on intense iga. in 
c.t.; diaUng. by »ln. or by 
q^uantitative chemical analy- 


ChrondrodlU 
T443 8536 


Mg4Mg(F,0H)J, 


HumiU, . 
T443 S 535 


Mg.[Me(F,OH)], 




Clinohumito 
TM3 8538 


Me7[MgCF.OH)],i 


Alreac.w.Co<NO.), 

onch. 


Much H,0 in ct; crumbles 
onign. 


*t4a3'^3 


Al^i0..5H^ 



Cu globule w. soda 


Darkens and gives H>0 in c.t. 


ChrytwollB 
T483 S699 


CuSiO).2H,0 


Ni in borai bd. 


Darkens and gives HiO in c.t. 


(Oenthiw) 
T479 86T6 


E,(Ni,Mg)Si0..n 


Blackens and be- 


HrfJinct.; lerric Fe in HCl 

BOl. 


Chloropal 
T184 S701 


H.Fe,(SiO.>..2H.' 


Hrf) in ct,; amor- 
j^„.^fib«ua.or 


Us. compact grnh.; some- 
times Gbious (chrysotile, 
commercial ■'asbeatoB") or 
foliated (mannolite) 


SERPENTINE 

T470 8609 


H.(Mg,Fe)£i^, 




Reeemblea a gum or resin 


Deweylltc 

T479 S676 


H.Mg.(SiO.)..2H 




Compact; finoearthy texture; 
Mgreae. w. Co(NO.), on ch. 
Fus. = 5. Adheres to tongue 


8epioUte 
T480 S680 


H.Mg£i.O,, 


Alreao.w.Co{NO.). 
onch. 


K flame w. powdered gypsum ; 


LEUCITE 
T381 8343 


KAl(SiO.), 




Clay-like; sometimes tranal. 
or transp. in H,0 


T4S1 8688 


H<Al.SiA..nH,0 
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!6 — dmiiniifd. 



a. 


Color. 


Lust«r. 


Hard- 


Specific 
Gravity. 


Cryatalliaa- 


Cleavage and 
Fracture. 




Olive^n. to 


Vitreous 


6.5-7 


d. 27-3. 37 


Orth. Fig, 58 


C. pinac. 
F. conch. 




Blk., groh,- 
blk., bm. 


Vitr. to 

greasy 


6.&-7 


4.0-4,6 


Mon,; 


F. conch., 
splint. 


SiOi). 


Bmh-red.. 


Vitreous 


6-6,6 


3-1-3,2 


Mon. 


C. basal 
F. uneven 


3iO.)- 


Broh-red, 
ye!., wh. 


Vitreous 


6-6.5 


3,1-3,2 


Ortb. 


C. baaal 
F. uaeveD 


3iO0. 


Brnh-red., 
yel.. wh. 


Vitreous 


6-6-5 


3.,-S.. 


Mod. 


C. basal 
F. uneven 




Cola., yd., 
em., blue 


Vitr. to 


3 


1,85-1.89 


Amorph.; 


F. conch. 





Eluish-gm., 
Bmh-blue. 
ben., bik. 


Vitreous, 
earthy 


2-4 


2,0-2.24 


Mass.; earthy 


F. conch, to 


i.O 


Pale to deep 
gm., yclh. 


Dull to 


1-4 


2,2-2.8 


Amorph.; 
bolry. 


F. uneven 


' 


Grnh. yel„ 
piBtachio-gm. 


Waxy 


2,5-4.5 


1,73-1.87 


Compact; 


F. conch., 
Bplint,, earthy 


'• 


blkh-grn., 
yelh-grn.,wh. 


.Greasy, 
waxy, 
silky 


^t^4 


2,5-2.65 


pseudm. 


F. uneven, 
■splint. 


O 


Yelh-bm., wh., 
apple-grn. 


Res. 


2-3.5 


2,0-2.2 


Amorph. 


F. unevenl 
conch. * 


..,.„„ 


Wh„ to gryh- 
wh. 


Dull 


2-2,5 


2.0 


Compact: 
earthy 


F. uneven 




Wh,. gry., 
cols. 


Vitxeo>.s 


5-5-9 


2.45-2,50 


'--••-•■ 


F. uneven. 




Wh„ giy., 
bluUi, redh. 


Pearly. 

dST' 


1-2 


2.0-2,2 


Mass.; earthy 
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Name. 


Compoeiti 


Wh.ZnO»ubl.w.»odaoi. 
ch.;gni.w,Co(NO.), 


Slowly attacked by hot 


SPHALERITE 
<Zlno BLcode) 
T2S1 85« 


/.nS j 


Become strougly mag. oa 
ign. 


Slowly and dif.Bol. in HCI 


IRON ORES 

See Section 13 




Mica- 


Folue tough 
and elaatin 


FuB. w. dif. 


MICAS 

See Section 23 




listed 


Folis flexible 

hut not elas- 
tic CCp. talc, 
below) 


Much H.0 in c,t. on in- 
tense ign.; varieties 

and mag. (prochlorite) 


CHLORITE 

1t»: PwdUdflW) 
T472 8643 


H.(Mg,Fe)vAl^ 
(OftmalllUBCr) 




Cr in borax bd.; rdh. col. 


K&minereiite 


H.(MB.Fe).(Al,C 




Foliffi brittle 

(brittle mi- 
caa) H,0 in 
c.t. 


Whitens and tus. w. dit. 
on thin edges 


Margarite 


H.CaAl,Si.O,. 




Whitens b.b.. but infus. 


(OLDianiia) 
T471 8638 


H.(MK,Ca)ai^ 


"IS: 
very 


A litUe H.O in 
c.t. on intflDBS 
ign. (Cp.kao- 
linite and 
bauxite, be- 
low) 


Al teac. ». Co(NO.). on 
ch.; radiated variety 
eifoliatra greatly b.b. 


PYROPHYLLITE 

T482 S691 


H^,(SiO.), 




Mgreac. w. Co{NO.).on 


TALC 

T470 S078 


H^g.(SiO.). 




Much H.0 
readUy giveD 
in c.t. 


Like butter or cheese; 
brittle when dry- de- 
compoBed by HiSOi 


Sapooite 
T480 8682 


MgiAl(OHJ,(SiO 


F reac. w. am. mol. after 
fuB, w, Boda; uB. pala 
blue^trn. flame 


Monarite us. transp. ot 
transl.; Xenotimo it 
opaq. 


MONAZtTE 
T495 8749 


<Ce.La,Nd,Pr)PC 
(Often w. TliSlOd 




Xen«tlm* 
T494 8748 


YPO* 

(Er; wm«.Cei™l 




Al reac. w. Co(NO.). on 
oh.; wavelliteuB. radi- 
ated or globular; variH- 
cite sheaf-like and reni- 
form 


Wanlllte 
T6I2 S842 


(AlOH).(PO0..9 
(r Mo. w. OH) 




Variseite 
TSIO 8824 


A1P0..2HK> 






Blue col.; b.b. swells, 
loses col. and crumbles 


Laiullt* 

T506 8798 


(Mg,Fe)(AIOH), 
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Color. 


Luster. 


Hard- 
ness. 


SpeciSc 
Gravity. 


Crystalliia^ 
tioQ. 


Cleavage and 

Fracture. 


> 


Wh.,grn., yel., 
rod. bm., 
blk. 


Res. to 


3.5-4 


3.»-4.1 


Iso. tctrh.; 


C. dodeo. per. 
F. conch. 






























■' 


Grn. of various 
shades 


Vitr. to 
peariy 


1-2.6 


2.6-2.96 


Mod. 


C. basal, per. 


,Si^,. 


Rose-red to 
deep red 


Vitr. to 
pearly 


2-2.5 


2.05-3.1 


Mod. 


C. baaal, per. 




Piok, (try., 
wh.. yelh. 


Vitreous; 
C. pearly 


3.5-4,5 


2,99-3.08 


Mod. 


C basal, per.; 
brittle 


■■ 


Redh-bm.. Cu- 
red, yelh. 


Pearly l« 
aubmet. 


4-5 


3.0-3.1 


Mod. 


C. basal, per. 




Wh., appl^ 


Pearly tfl 
dull 


1-2 


2.8-2,9 


Fol., fibr., 
mass. 


C. basal, per.; 
flexible 




Apple-gra., 


C. pewly 


1-2.6 


2.65-2.80 


Orth.(?): us. 
fol. or mass. 


C. basal, per. 


>.14HiO 


Wh., yelh.. 
groh., bluish, 
redh. 


Greasy 




2.24-2.30 


Amorph, ; 






Yelh-Rrn.to 
yelh- and 
redh-bm. 


Res. 


5-5.5 


4.9-5.3 


Mon. 


P. (?) basal 
F. uneven 


h) 


Yelh. to redh- 
brn. 


Res. to 


4-5 


4.45-1.56 


Tetr. 


9:S:J"- 


iO 


Wh.. yeJ., grn.. 
bm. 


Vitr. to 
pearly 


3^ 


2.32-2.34 


Orth.: 
us. radial 


C. pinac. 
F. uneven 




Cols., apple- 


Vitreous 


4 


2.4 


Orth.; 




'0.)< 


Azure-blue 


Vitreous 


5-fl 


3.05-3-12 


Mon. 


C. prism. 
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X'ame. 


Composilii 


A] reao. w. Co(NOi}i on 


Little or no UiO in c.t. 


CVANITB 
T434 SfiOO 


(AlO)fliO. 




H,0 
in 


SOt fumes and acid 
H.0 w. intense 
beat in c.t. 


Alunita 
T537 8974 


K[Al{0H),].(SO.l 


1 


luHol. nil. skeleton 
iDa.ph.bd,; ub. 
clay-like, com- 
pact, or mealy 


(KuUd: 
T481 8685 


HiAlSM. 




Wholly sol. in B.ph. 
bd. Gibbateus. 
incruat. or stalac- 
titio; bauxite pi- 
■olitio and clay- 
like 


BAUXITE 
(Aiiunuum On) 
T350 S261 


A1,0<0H). 




Oibbslte 
T3S1 S254 


A](OH). 


Ni io borax bd. 


Blackens and givM HiO 

in c.t. 


T479 S876 


H.(Ni,MB)8iO..« 


Wins.ph. bd.; yel.WO. 
rcB. in boilinE HC1 


Ca rcae. w. am. oxalate 
in UCl lol. 


Sclwllta 

TWO 8985 


CaWO. 


Ti in B.ph. bd. 


Violet ool. (Ti) appears 
before the blue (Cb) 
when HCl Bol. of Pyro- 
ohlore is boiled with Sn 


T487 S732 


CaTiO. 




Pyroehlor. 

T489 8726 


RCb^.,H(Ti,TI 
IH-Ce. Ca. Ns.f 


Cb reno. after fus, w 
borax 


Turna yel. and gives HiO 


Yttrotantalito 
T492 8738 


(Ca.Fe)CY,Er)(l 
.4H.O 
(Am w cc v. » 




Slight reao. for Cb 


MicroUte 
T489 8728 


Ca,Ta,0, 



Become mag. on ign. 


Slowly and dif . sol. in HCl 


IRON ORBS 
See SecUoD 13 






Crins-ph. bd. (Cp. pieotite) 


CHROMITE 

(Cbromlo Inn) 
T341 8228 


FbCtjO. 

(M.i».w.r»: 


{Continued next 
page) 


Cleav. and prism sngleB 88° 
and 92°: of ten has a metal- 
loidal luster 


Hypenthena 
T385 8343 


CMg.Fe>|S;o. 
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Color. 


Luster. 


Hard- 


Specific 
Gravity. 


Cryatalliia- 
tion. 


Cleavage and 
Fracture. 




Blue. gra.. 


Vitr. to 
pearly 


5-7.25 


3.56-3.67 


Tri.: us. 
bladed 


C. pinac. per. 
P. Usal 
F. Splint 




".iar'- 


Vitreoua 


3.5-i 


2.58-2.76 


Hei. rhom. 


C. basal 




Wh., yelh., 
redh., bmh. 


V- 


1-2.5 


2-6-2.63 


Mon.; UB. clay- 
like 


C. basal, per. 
F. earthy 




Wh.. gry., yel., 
red 


Dull. 

earthy 


1^3 


2.55 


Mobs: 
clay-like 


Oolitic; earthy 




Wh.. eryh., 


Vitr., duU 
C.peariy 


2.5-3.6 


2.3-2.4 


Mon. 


C. baeal, per.; 
tough 


,o 


P«de W deep 
sm., yelh. 


Dull to 


1^ 


2.2-2.8 


botry. 


F. uneven 


□u) 


Wh.. yel.,gni., 


Vitr. to 


4.5-5 


5.9-6.1 


Tetr. 


C. pyram. 




Yel. 4 bni. to 
blk. 


toaub.' 
met. 


5.5 


4.017- 

4.039 


IBO. 


C. cuhio 
F. uueven 




Bra. toredh. 
and bmh-blk. 


Vitr. to 


5-5.6 


4.2^.36 


ISO.; us. oct. 


C. oet. 
F. ooDch. 


Cb).0.. 

W) 


Yel. to bm. 
and blk. 


Vitr. to 

Bubmet. 


6-5.5 


5.5-5.9 


Orth.: _ 


F. conch. 


...« 


Pale yet. to 
bra. 


Ren. 


6.5 


mr-" 


Ibo.; ua. oct. 


F. conch. 


>N 29. 
















■rt 


Fe-blk. to 
brah-blk. 


Dull to 
BUbmet. 


5.5 


4.32-4.87 


Iao.:uB.masa. 


F. uneven 




Groh-blk. to 
bra. & bronie 


Pearly to 

broDiy 


6-6 


3.4-3.6 


Orth.; 
ua. maaa. 


C. I^^^^-P^^- 
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Name. 


Compost) 




aesv. &nd prism angles 54° 
and 120°: us. ideiider prisms, 


Anthophylllte ' 

(AlbMtl* In PWt) ' 

T398 33S4 


(Mg,Fe)SiO. 
(e<»iiet.ml»AI) 




H,Oinc.t. 
on in tense 
igQ. 


thin scales 


Chloritoid 
T472 S640 


H.<Fe,Mg)AI,Sia 




Oblong ihining 
scalea and plates 


Ottrelite 
T471 S642 


HitFe,Mn)(Al,F! 


BUckena b.b. but 
does not become 
tnag. 


Cleav. and prism auElea SS" 
and 02°: often hanl^roasy, 
metaUoidftl lustec. (Cp. 
turquois. whiobdarl[eas:alBO 
tbe preceding minends of 
this section, which do not al- 
ways become mag.) 


ENSTSATITE 
T384 S346 


(Mg,Fe)8iO. 


Whil«na b.b. and 
fus. Blishtly on in- 
tense ign. 


B flame w. KSSO, and CsF. 
(fluorite) on Pt wire; pyro- 
elcctric. Achioite cols,, 


TOURMALINE 

(Soborl; Aoliioil*; 

T447 8651 


R„(BOH),(SiO., 
(R-Al. Fe.M(a 

IF Uo. ». OH) 




Whitens at red heat: gives a 
litUe HiO in c.t. on inteose 
ion. (Cp. the next 8 miner- 
al. whi4 also give Hrf)) 


BERYL 


H;GUU^i„0.; 

(NatLltCmtaj. 


H.0 in c.t. on in- 
tense ign. if not 
before. (Cp. 
beryl, above) 


Ci> flame: P reac. w. am. mol 
after fus. w. soda 


Turquois 

T512 S844 


H|A](OH).].P0. 


Al reac. w.,Co(NO.), on ch. 


'r348's246 


AIO(OH) 




A little Hrf) on intense ign. in 
c.t. StauroliCeprismatioand 
often twinned. (Cp. poly- 
crasc, below, which gives a 
little H.O) 


lolite 

T407 S419 


H,(Mg,Fe)..41^, 




8TAUROLITB 
T4S0 S558 


(A]0),(.4IOH)Ff 

(F«I».W.A1: Ms 




FuB. w. equal arot. of soda on 
Pt wire to clear glass. Hya- 
lite is cola, and transp. 


OPAL 

T^"8I»4 


SiC.nH^ 




May become mag. Chlori- 
toid UB. foliated or hex. 
platea and scales; ottrelite 
obloDg shining BCales and 
plates 


Chloritoid 
T471 S640 


H.{Fe.MB)AI^H 




Ottrelite 
T472 8642 


e-CFcMnXAlJi 




Turns yel. in c.t.; Cb reac. 
after (us. w. borax 


T493 S738 


(CB,Fe)(Y,Er)(T 
4H/) 
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Color. 


Luster. 


Hard- 


Specific 
Gravity. 


Ccyatalliia- 
tion. 


Cleavage aod 

Fracture. 




Gry.. clove- 


Vitreous; 
C. pearly 


5.6-6 


3,1-3,2 


Orth.; us.fibr. 


C. prism, per. 




^^.^bf.^- 


Pearly 


6.5 


3,62-3.57 


-^^.^Voi. 


C. basal, pa-.; 
brittle 


Si.O. 


Gruh-gry.. 
bik. 


Vitreoua 


6-7 


3,26-3,3 


Tri.(?} 


C, basal, per. 




Yelh., gry.. 


Pearly to 
btOQsy 


6,5 


3,1-3.3 


Orth.; 


C. priBDi. 


Tat 


Bm., BXa.. 
blue, red. 
pink'.wh:. 
cola. 


Vitieoua 


7-7.5 


2.98-3,20 


Hei. rhom,; 
Fig. 51 


F. coDch to 


'" 


Gni., blue, 
yel., pink. 


Vitc. to 
ree. 


7.5-S 


2.63-2,80 

Us, 2.69- 

2,70 


Hex.; us. ils. 


F. conch to 


1.) 


Blue, bluish- 
era., gra. 


Waiy 


6 


■Z.I^^.S 


Tci.; us. mass. 


F. uneven to 
conch. 




"^rs"- 


Pearly to 


6.6-7 


3.3-3.5 


Orth. 


?:=■.""■ 


>>7 


Lt. todk. blue; 
lately cola. 


Vitreous 


7-7.6 


2,60-2,66 


Orth. 


C, pinac 
F. conch. 


iO.). 


Yclh-brn.. 
broh-blk! 


Res. to 
vitreous 


7-7,5 


3,65-3-77 


Orth. 
Figs. 53-55 


C. pinac. 




Cola., red, yel. 
gm.. Wuef 
gry. 


Vitr. to 


5-6-6.5 


1,0-2.3 


A,.orph, 


F. conch. 




KiX?b'Utf™" 


Pearly 


6.5 


3.52-3,57 


^^fh. 


C. basal, per.; 
britUe 


^i=0. 


Gr^-gry.. 


Vitreous 


6-7 


3,26-3-3 


Tri.(?) 


C. basal, per. 


Cb).0„ 


Yel. to bra. 
and blk. 


Vitr. to 


5-5,5 


5,5-5.9 


Orth,; 


F. conch. 



D„l,:..bvG0C>^lc 



,-.bvGoc>^lc 



D„l,:..bvG0C>^lc 







Name. 




Cbmo. ■iMrfui.w. 
bons 


Us. Md re>c. in soda U. 


COLUMBITE 

T490 3731 


(Fe,Mn)Cb^. 

IAJb Ta ud sDiui 




DiitiDK. by at. and duU ex- 
terior 


T490 S729 


Y(Cb,Ta)0. 

(Er. Ce.CMa. W.1-: 




Olow* on ign. and becomes 
lighter col.; dpcrepitatea 
and dives trace of H.0 in c.t. 


Polycrase 
T403 8744 


Uoceriain: Cb, 1 
Ce. Fe. H. 


UttiooraoCb; Mn 
InMdftbd. 


Fe in a-pb. bd.; very heavy 
(G. above 6} 


Tantalite 
T400 8731 


(Fe,Mii)Tarf). 

(CblB.«.Tlt>IW 


Ti iD (.ph. w. Sd od 


XIb. ua. priunatic, often very 


RUTILB 

T34S^237 


TiO, 
tit^auithiF.) 




Xla. If. pyramidB 


Octahedrlto 

(ABMMC) 

T34(l S240 


TiO, 




Xla. often tabular 


™7 8248 


TiO. 


8a flobule w. soda 
and ch. powder on 


Wh. »ubl. SnO, on intense ieh. 
w. soda on ch. 


CASSITERITB 

(Tin et«K) 
T344 S234 


8nO. 


Zr reac, w. HCl and 
turraeiio paper 
after fuB. w. wda 


Glows w. wh. liRht on iol^nsc 
ign. Hyacinth ifltransp. red 
or brown 


ZIRCON 
T42fl 8482 


ZrSiO. 
(Ua. • utUe Pet 


Fus. w. equal amt. 
of soda on Ft wire 
to clear |[1s». 
(Cp. opal, p. 128) 


XIb. us. hex. prisms; agate, 
)a«)er, chert, flint, and chal- 

varieties; amethyst, purple 


QUARTZ 

lADWthytt: Aiatfl; 

Cbert: nan 
T331 8183 


SiO, 




XU. us. thin hex. plates 


Trldymlte 
T328 S192 


SiO, 


Wh.enanielw.Boda; 
slowly wl, in boiv 
axtocleaigla.. 


Dull blue w. Co(NO.)> on cb. 


T423 S4S2 


GttSiO, 


Alteac.w.Co(NO>)> 
oncb. ■ 


F reac. w. NaPO. (powdered 
B.ph. beads) in c.t. 


TOPAZ 
T431— S493 


Al(F,OH),AlSiO. 




XIb. us. stout rectangular 


ANDALUSITE 

(ChlHtoUK) 

T433 8496 


(AlOAlSiO, 


(Continued next 
page) 


Ub. Gbrous or slender kIs. 


SILLIMANITB 

T433''&198 


Al.SiO. 
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Color. 


Luster. 


Hard- 


Specific 
Gravity. 


Ciystalliw- 
tion. 


'='i;=„"."' 


.dW) 


Fe-blk. to gry. 
and bmh-blk. 


Res, to 
Bubmct. 


S 


5-3-6.5 


Orth.; 
UH. priam. 


F. uneven 




Bmh-blk. 


Pale bm. 


5-5-^ 


4.3-5.8 


Tetr.; 


F. uneven 


V, Er, 


Bmh-blk. lo 
blk. 


Vitr. to 


5-6 


4.97-5,04 


Orth.; 
us. priam. 


F. eonch. 


» *W) 


Blk. 


Res. to 
Bubmet. 


e 


6.5-7.3 


Orth. 






Redh-bm. to 
blk. & yelh. 


Adamant..' 
aubmet. 


6-6.5 


4.18-4.25 


Tetr.: us. lis. 


C. prism. 




BtD. to dk-blue 
and blk. 


^^=" 


5.5-a 


3.82-3.95 


Tetr.i 


C. basat and 




Hair-brn. to 
blk. 


""tb^tr 


5.5-6 


3,87-4.08 


Orth.; us. xls. 


F. uneven 




Bm. toblk.; 
rarely yd., 
red- gry., wh. 


Adamant. 


6-7 


6.8-7.1 


Tetr. Fig. 39 


F. unei-en 




CoIb., gry.. 
gra., bm., 
red 


Adamant. 


7.5 


4.2-4.86 

Us. 4.68- 

4.70 


Tetr.; us. xls. 


C. prism. 
F. conch. 




Cols., wh.. 
yel„ r«i, 
pn., blue, 

6m.. blk. 


Vitr. to 
greasy 


7 


2.60-2.66 
X18.2.66 


Hei. rhom. 


F. eoneh. 




Cols., wh. 


Vitreous 


7 


2.28-2.33 




F. conch. 




Cols., wh.. 


Vitreous 


7.6-8 


2.97-3.0 


Hex. rhom.; 

us. >tl8. 


F.' ^S: 




Cola., wh., yel.. 
pink, hluiah, 


Vitreous 


8 


3.4-3.6 


Orth. 


C. basal, per. 
F. uneven 




Resh-red, 
tedh-bm„ 


Vitreous 


7.5 


3.16-3.20 


Orth.; 
us. prism. 


C. priam. 
F. Gneven 




Hair-bm.. 
gry., gryh., 
gro. 


Vitreous 


6-7 


3.23-3.24 


Orth.; 
us. prism. 


F; E^^n^' 



:byG00Qlc 
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Name 


Compoat 




U«. bladed.1..; wratchod by 
knife paraUel to cle«v. but 
not at right angle, to cleiv. 


CYAMTE 

(DIMlWH) 

T434 S600 


(AlO)^iO. 




i* KTO. by dayUght (and by 
incandeeceDtEaslisbt): red 


T342 S229 


GlAW). 




Extremely hard. Emery con- 


CORUNDUM 

red; EmRT. MkU 
T333 8210 


A1,0. 


C^in«.ph.bd. 


Col, blk.; St. dk. bm.; bd. 
■howa Fe reac. while hot and 
Cr on cooling 


CHROMITB 

TsJTsm' 


FeCrtO. 

(Mf in. .. Ft; * 




Dk. yelh-bm. to gmh-bm. 


Pictotite 


(Fe,MB)(Cr^>* 




Inaol. Bkelelon of Bil. remains 
inbd. 


(Ck-CrOunn) 
T417 S444 


Ca,Cr.(SiO.). 

(AllB.W.Ct> 


LitU« or no Cr, but 

h'wVmB.ph.bd. 
(bo aiUoa) 


twins; dark varieties react 
forFe 


SPINEL 


MgAlK). 

(FfcUol».w.M« 


Wh.ZnOsubl.w.Bodaand bor- 
Monch.;sm. w. Co(NO.). 


(EIDD SplDd) 

T339 S23Z 


ZaMiO, 

(MB.II»l».*.Zn: 




Mag. ma>H when (used w. a 
litUe soda on ch. 


Hercynite 
(iron Spliul) 
T339 S223 


FcAW>. 


Distinct cl. At 90° 
oi nearly 90" 


FuB. about 5 


FELDSPARS 

See SecUon 23 




Extremely hart; not 
affected by Kcida 
or alkidii; bunu 


XIb. ub. octahedrons w. curved 
faces and brilliant adaman- 
tine luster. Bort, rough 
rounded forms.conlusedxln-i 
carbonado, tnaadve, dark 
gray to black 


DIAMOND 

(Cubuuda; 
C<rbai;BaR) 

T27I S3 


C 
(BUcin Ml In om 
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Color. 


Luster. 


Bard- 


Spedeo 
Gravity. 


Uon. 


Cleavage and 
Fracture. 




Blue, grn., 
gry.. wh. 


Vitr. to 
pearly 


5-7.25 


3.56-3.67 


Tri.; «H. 
bladed 


SC""- 




yelh-gm., as- 
gni. 


VitreouB 


8.6 


3.S-3-8* 


Orth.; US. tab. 


C. dome (Oil) 




Wh., Bry-. 
f^ru'e,^'.',blk. 


AdaDuuit. 
to vitr. 


9 


3.95-4.1 


Hex.riuHn. 


P. basal and 


o„ 


Fe-blk. to 
bnih-blk. 


Dull to 

■ubmet. 


5.6 


4.32-4-57 




F. uneven 




Yelb. or nnh- 

bE; " " 


Pitchy to 

Bubmet. 


7.6-8 


4.08-4.11 


!«>.: u>. iDaas. 


F. uneven 






Vitreous 


7.6 


3,41-3.62 


Ibo. 


F. CODcfa. 




Red., lavender, 


Vitreous 


8 


3.6-1.1 


I«,.:ua.oct. 


F. conch. 




Dk., Em., bm. 


Vitreoui 


7.5-8 


4-^.6 


IsO.: UB.OCt. 


F. conch., 
uneven 




Blk. 


VitreouB 


7.« 


3.9-3,96 


lao.; UB. maBB. 


F. conch. 
















imm 


Cola., yel., red, 

as?""- 


Adamant. 
togroa^ 


10 


3.516- 
3.525 


Ibo.; us. oct. 


?:S.r 
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MIHERALS AKRAKGED ACCORDING TO CEYSTAt 
LIZATION, LTJSTER, AND HAKDNESS 

These tables wilt often asaist Id the recognitioD of minetals without resort 
to chemicfJ testa. Page ref^^incea are given to the precedins tables for full 
deacriptioDS. 

ISOMETRIC: HetoUic or SubmetBlUc Luster 



1.5 Lead (p. 72) 


4 




Stsnnlte (p. 70) 


2-2,5 Argentite (p. 70) 


4-4.5 


Platinum (p. 80) 


2.5 QALENA{p.70) 


4-5 


Iron <p. 76) 


2.6-3 GOLD (p, 72) 


6.6 


CHROMITE (pp. 78, 126, 


2.3-3 SILVER (p. 72) 




132) 


2-6-3 ELECTRUM(p. 72) 


5,5 


Cobaltite (p. 66) 


2.5-3 COPPER <p. 72) 


5 


5 




2.5-3 He»lte(p. 74) 


5 


5 




3 BORMTE (p. 70) 


5 


5 


Uranlnlte (p. 80) 


3 Altaite (p. 76) 


5 


5 


QerKlorfite (p. 66) 


3-3.5 AmalBam(p. 72) 


5 


5-6 


Smaltlte (p. 66) 


3-4 TETRAHEDRITE (p. 68) 


5 


5-6 


Chloanthite (p. 66) 


3-4 TennanfUe (p. 66) 


6 


5-6.8 MAQNETITE (pp. 72, 78) 


3-4 Freibergite (p. 68) 


5 


5-6.5 FRANKLINITE (p. 76) 


3.5-4 SPHALERITE (pp. 70,-118,124) 


6-6.5 


PYRITE (p. 70) 


3.5-4 CUPRITE <pp. 74,84) 


6-7 


Mattite (pp. 72, 76, 86} 




8-7 


Iridium (p. 80) 


3.5-4 Alabandlte (p. 72) 


6-7 


Spercylite (p. 66) 


ISOMETRIC: Non-metaUic Luster 


1-1.5 C«™rtyrlte (p. 86) 


5.5-6 


LEUCITE <p. 122) 


1-1.5 Embollte (p. 86) 


5,5-6 


Sodalite (p. 100) 


1.5 Arsenohte (p. 80) 


5.5-6 


Hauynite (p. 100) 


2 SYLVITE {p. 92) 


5.5-6 


Danalite (pp. 90. 100, 120) 


2-2.6 Kallnlte (pp. 94, 116, 118) 


6-6.5 


Hclvite (pp. 90. 100) 


2-2.5Scn<.rnio>>tltc(p. 80) 


6-7 


Martite (pp. 72, 76. 86) 


2-3 Bromyrite (p. 86) 


6.5-7 


ANDRADITE (pp, 90, 112) 


2.5 HALITE (p. 92) 


6,5-7 


QROSSULARITE (p. 112) 


2.5 Ph.rmacoslderlte (p. 38) 




Boracite (pp. 98, 108) 


3.5-4 SPHALERITE (pp. 70, 118,124) 


7-7,5 


ALMANDlTE(pp. 90. 112) 


3,5-4 CUPRITE (pp, 74, B4) 


7-7,5 


SPESSARTITE (pp. 110, 112) 


4 FLUORITE (p. 96) 


7-7.5 


PYROPE<p. 112) 


5-5.5 ANALCiTE {p. 102) 


7-7,5 


U™roWte(pp. 112, 132) 


5-5.5 Laiurita (p. 100) 


7.5-8 


Oahnite (p. 132) 


5-5.5 Pyrochlore (p. 126) 


7.5-8 


Heroynite <p. 132) 


5 8 CHROMITE (pp. 78. 126, 132) 


7.5-8 


Piootite {p. 132) 


5.5 Peroviktte <pp. 78, 126) 


8 


SPINEL (p. 132) 


5.6 NoseUte (p. 100) 


10 


DIAMOND (p. 132) 


6.6 Microlite (p. 126) 
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MINERALS AitRANGED ACCORDING TO 



TETKAOONAL: HetalUc or Submetalllc Luster 



3.5-i CHALCOPVRITE (p. 70) 
&-a.6 HausnuuiDite (p. 7S) 
5.fi-e OctahHirlta (pp. 7S, 130) 



6.5-6 PertUMinit* (pp. 80, 130) 
6-6.5 RUTILB(pp. 78, 130) 
I e-6.6 BrouDite (pp. 74, 78) 



TBTRAGORAL: Hon-metallic Luatei 



2-3,5 
2.76-3 

3.75-3 



Calomel (p. 82) 
Torbcrnlte (p. 84) 
Wuifenite (p. 62) 
PboBgenite {p, 83) 
•noIJmB(p. 124) 
APOPHVLLITE (p. 103) 
Schselit* (pp. 110, 126) 
MellliM (p. 103) 



5-6 WERNERITE (pp. 104. 114) 

5.5-6 Octahadrite (pp. 78, 130) 

5.5-6 PcTtuisnlte (pp. 80. 130) 

5.5-6 Melonltc(p. 104) 

6-8.5 RUTILE (pp. 78, 130) 

6-7 CASSITERITE (p. 130) 

e.5 VESUVIANITE |p. 114} 

7.5 ZIRCON (p. 130) 



HEXAGONAL: Metallic or Submetallic Luster 



S MOLYBDENITE (?) (p. 78) 

QRAPntTE(p. 78) 
2 Tetradymlte (p. 7fl) 
2 Covellitc (p. 70) 
5 Biimuth (p. 72) 
5 Tellurium (p. 74) 

Pyrartyrite (pp. 68, 64) 
5 MillerltB (p. 7U) 



3-3,5 Antimony (p. 68) 

3,6 Arxnic (p. 66) 

3.5-4.6 PYRRHOTITE (p. 70) 

5-6,5 Niccoiita (p. 66) 

5-6 ILMENITB (pp. 76, 78) 

5 5-6,5 HEMATITE (pp. 72, 76, 86, 

6-7 



130) 
IridoBmiaa (p. 8 



HEXAGONAL: Non-metaUic Luster 



Carnotlte (T) (p. B8) 
Biamite (p, 8fl) 
lodyrite (p. 86) 
SODA NITER (p. 94) 
Chalcophytlite (p. 84) 
CINNABAR (p. 82) 
Proustite (p. 84) 
Coquimbite (p. 88) 
Bruclte (pp. 116. 120) 
Prranyrlte (pp. 68, 84) 

^ Jaroalte (p, 88} 
Vanadinlte (p. S2) 
CALCITE (p, 116) 
ar«noi:klte (p, 118) 
Hank«ite (p, 92) 
Mimetlte (p. 83) 
Thamnasite (p. 116) 
PYROMORPHITE (p. 82) 
SIDERITE (pp. 86, 118) 
DOLOMITE (p. 116) 
Ankerite (p, 118) 
Atunite (pp. 116, 126) 

5 RHODOCHROSlTE(p. 118) 



3 5-4,5 MAaNE5ITE(pp. 116. 118} 

3 5-4.5 BnunnerltB (pp. 116. 118) 

4-4,5 ZINCITE (p. 120) 

4.5 CHABAZITE (p. 104) 

4,5 OmeilnlCe (p. 104) 

4,5-5 APATITE {pp.96, 120) 

5 SMITMSONITE (pp. 118. 

(98, 120}) 

5 DIoptue (p. 120} 

5-5.5 Eudlalite (p, 100) 

5-6 Cancrlnite (p. 98) 

5.5 WILLEMITE (p. 120) 

5,5 TROOSTITE (p. 100} 

5,5-6 NEPHELITE (p, 102) 

5,5-6,6 HEMATITE (pp. 72, 76,86. 

120) 

6,25-6.5 Beniloito (p. 110) 

7 QUARTZ (p, 130) 

7 Tridymlte (p, 130) [128) 

7-7,5 TOURMALINE (pp, 108, 

7,5-8 BERYL (pp. 114, 138) 

7. ,5-8 Phenaclte (p. 130} 

9 CORUNDUM (p. 132) 
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CRYSTALLIZATION AND HARDNESS 
ORTHORHOHBIC: HetaUIc or SnbmetalUc Ltut«r 



1-1.5 Nagyaeite (p, 76) 


4 


1-1,5 SteCDbergite (p. 70) 


5 


2 STIBNITE (p. 68) 


5-5.5 


2 BLmuthinite (p. 72) 


5-5.5 


2-2.5 StephBRite (p, 68) 


5-5,5 




5-6 


2.5 Krennerite (p. 74) 


5.5-6 


2.5-3 CHALCOCITE (p. 70) 


5.5-6 


2,5-3 Strameyerlte (p. 70) 


6.5-6 


2,5-3 Bournonite (p. 68) 


6 


2.5-3 Boulaogerite (p. 68) 




3 EnarilM <p. 66) 


6 


3-3,5 Zbkenite (p. 68) 




3.5-4 Dyscrasite (p. 68) 


6-6.5 



MANOAMTE (p. 78) 

Qlaucodot (p. 66) 
5 QOETHITE (pp. 74. 76, 86, 120) 
5 Lellingite (p. 66) 
S Yttc tantafite {pp. 80,126, 128) 

Samarakite <pp, 74, 110) 
S ARSENOPYRITE (p. 66) 
8 Brooklte (pp. 78, 130) 
S llvalte (pp. 74. 90) 

COLLMBITE (pp. 74, 80. 110, 
130) 

Pseudobrookite (p. 76) 

Tantalite {pp, 80, 130) 
5 MARCASITE (p. 70) 



ORTHORHOMBIC: Hon-metaUic Luster 



Carnalltts (p. 921 

Molybdite (p. 98) 

TALC en (pp. 106, 114, 12^ 
.5 SULPHUR (p. 80) 

NITER (p. 94) 

epHiniite (p. 94) 

Autunlte (p. 96) 

GoBtarite (p. 118) 

Thenardite (p. 94) 

Valentinlte (p. 80) 

Caledonite (p. 82) 
5 BARITE (p. 96) 
i ANQLESITE (p, 82) 

Aatrophyllite (p, 88) 

Ollvenlte (p. 84) 

Susaesite (?) (p. 98) 

CERUSITE (p. 82) 

CELESTITE (p. 96) 

ANHVDRITE (p. 94) 

AUcamlts (p. 84) 
< WITHERITE(p. 94) 

Wavottite (p. 124) 

Adamite (p. 98) 

DHcloUite (p. 82} 

ARAQONITE (p. 116) 

STRONTIANITE (p. 116) 

Brochantlte (p. 84) 

Scorodlte (p. 88) 

Euehroitc (p, 84) 

Dufrenite (p. 88) 

Ltbethenlte (p, 84) 

Variacite (p. 124) 

Purpucite (?) (p. 96) 



5-5.5 
5-5.5 
5-5.5 
6-6.5 



CALAMINE (pp. 98,120,(118)) 
Triphylite {p. 88) 
LIthlophyllte (p. 96) 
Childrenite (p. 88) 
NATROLITE (p. 98) [120) 

QOETHITE (pp. 74, 76, 86, 
Thomionite (p. 100) [128) 
Yttrotantttlite (pp. 80, 126, 
Hypersthene (pp. 90, 126) 
Samarakite (pp. 74, 110) 
PolyCTase<p, 130) 
ENSTATITE (pp. 112. 128) 
5 Anthophylltte (pp. 90, 112, 

t Brooklte (pp. 78. 130) 

i Tephrolte (p. 100) 

> llvalte (pp. 74, 90) [130) 

COLLMBITE (pp. 74, 80, 110, 

Taatalito (pp. 80, 130) 
i PKEHNITE (pp. 102, 114) 
• ZOISITE (p. 114) 
i Humite (p. 122) 

SILLIMANITE (p. 130) 

Fayallte (p. 90) 
' CHRYSOLITE (p. 122) 
' DIaspore (p. 128) 
:5 Danburtte (p. 108) 

■ lollte (pp. 114. 128) 

■ Stauronte (p. 128) 
ANDALLSire (p. 130) 
TOPAZ (p. 130) 
Lawsonile (p. 114) 
Chrysoberyl (p. 130) 
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MINERALS ARRANGED ACCORDING TO 



HONOCUmC: Metallic or SubmetalUc Luster 



l.S-2 Syhanlta (p. 74) 
3-2.5 IVeieBlebenite (p. 68) 
2-3 Polybuit* (p. 08) 
3 PmtccIM (p. 69) 



S-4 Teoorite (p. 74) 

l-^.S FerberlM (pp. 74. 90) 

S-5.6 WOLPRAMITE(pp. 74, 90,110) 

S.S-O Allanlte (pp. 74, 90, 102) 



HONOCLIHIC: Non-metalUc Luster 



1-1.5 


Varmlcullte (?) (p. 102) 


3.5^ 


1-1.6 




3.5-4,6 


1-1.5 


KerniMlte (p. 80) 


4 


1-a 




4-4.6 


1-2,6 


CHLORITE (pp. 106. 124) 


4-4.5 


1-2.5 


KAOUNITE<p. 126) 


4-4,6 


1.5-2 


QYPSUM (p. 94) 


4-5 


1.5-2 


ORPIMENT (p. 80) 


4.5 


1.6-2 


REALQAR (p. 80) 


4.5-5 


1.6-2 




4,5-5 


1.5-2 




5 


1.5-2 


Alunoaen (p. 118) 


5 


1.5-2-5 ErythHte (p. 8S) 


5 




5-5.5 


2 


MelaaterlU (p. 88) 


5-5,6 


2 


Aurichalcite <p. 118) 


6-5.5 


2 


ThomBenobM (p. 96) 


6-5.5 


2-2,5 


MUSCOVITE (p. 106) 




2-2.5 


BORAX (pp. 94, 96) 


5-6.5 


2-2,5 


Karamererite <pp. 106, 124) 


5-6.6 


2-2.5 


Pharmaeolite (p. 98) 


5-5 5 


2-2.6 


Liroconitc (p. 84) 


5-6 


2-3 


a«y.Lu.iite (p. 94) 


5-6 


2.5 


CRYOLITE (p. 96) 


6-6 


2.5 


Cookelte (p. 106) 


5-6 


2.5 


Linarite (p. 82) 


5-6 


2.6 


LeadhilUte (p. 82) 


S-6 


2.5 


Coplapitc (p. 88) 


5-6 


2.6-3 


PHLOQOPITE (p. 106) 


5-6 


2,5-3 


BIOTITE(pp. 88, 90, 106) 


5-6 


2.6-3 


Tfonn (p. 92) 


5-6 


2,5-3 




5-6 


2.5-3 


Crocoite (p. 82) 


5,5-6 


2.5-3 


Poly halite (p. 94) 
QlaulMrite (p. 94) 


5.5-6 


2.5-3 


6 


2.5-3 


Kain[te (p. 92) 


6 


2.6-3 


Paragoiiite (p. 106) 


6 


2.6-3 


ZinQwalditc {pp. 90, lOB) 


6-«,6 


2.6^3 


5 Qibbsite (p. 126) 


6-6.5 


2.6-* 


LEPIDOLITE (p. 106) [106) 


6-6.6 


3 


LEPIDOMELANE (pp. 88. 


6-6,5 


3 


PachnoUte (p. 96) {US) 


6-6.5 


3.5 


HydromagnesiM (pp. 116, 


6-7 


3.6-4 


MALACHITE (p. 84) 


6.6 


3.6-4 


AZURITE (p. 84) 


6.5-7 


8.6-4 


STILBITE (p. 104) 


6.5-7 


S.5-4 


HEULANDITE (p. 104) 


6,5-7 



Ljiumontlta (p. 100) 
' -iMTBarlte (pp. 106, 124) 
•ittrytocaleite (p. 116) 
Perberlte (pp. 74, 90) 
Calemanite (p. 98) 
PhillipBite (p. 104) 
Scybertite (p. 124) 
Harmotoms (pp. 104. 114) 
WOLLASTONITE (p. 104) 
Tripllte (p. 88) 
PectollU (pp. 100, 103) 
M«ollU (p. 100) 
Herderite (pp. 96, 114) 
MONAZITE (p. 124) | 
DATOLITE (p. 98) 
TITANITE (pp 104, 110) 
WOLFRAMITE (pp. 74. 90i 

110) 
Hiibnerlte (p. 110) 
Scolacite (p. 100) 
Wagoerite (p. 96) 
PYROXENE (pp. 112, 114) 
AUOITE (p. 114) 
DIOPSIDE(p. U2) 
AMPHIBOLE (p. 112) 
HORNBLENDE (p. 112) 
TREMOLITE (p. 112) 
ACTINOLITE (p. 112) 
Jettanonita (p. 110) 
Laiullte (p. 124) 
Hedeobergite (p. 112) 
Schefferite (p. 110) 
Richterite (p. 110) 
Allanite (pp. 74, 90, 102) 
ORTHOCLASE (p. 108) 
Arfvedsonite (p. 92) 
Riobepytc (p. 92) 
Acmlta (pp. 92, 114) 
Petal Its (p. 108) 
Chondrodite (p. 122) 
Clinohumite (p. 122) 
Glaucophane (p. 112) 
EPIDOTE (pp. 90, 114) 
Pledmontita(p. 110) 
SPODUMENE <p. 108) 
Jadclte (p. 114) 
CUdollnite (pp. 102, 122) 
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CRYSTALUZATIOX AND HARDNESS 



TRICLINIC: ITon-metaUic Luster 



1 Saraniite (p. 9S) 

2 . 6 Chalcanthito (p. 84) 

5-6 ANDESINE (p. 108) [108) 

&-6 LABRADORITE (pp. 104, 

5-7. 25 CYANITE (pp. 126, 132) 

5.5-6.5 RHODONITE (p. 110) 

5,5-6,5 Fowleritfl(p. 110) 

6 Turquoil (p. 128} 

6 Amblygonlte (p. 108) 



H. 

6-6. S MICROCLINe(p. 108) 
&-6.5 ALSITE (p. 108) 
6-6.5 OLIQOCLASE (p. 108) 
6-6.5 ANORTHITE (pp. 102, 108) 
6-7 OttrellM (?) (p. 128) 
6.5 Chloritoid (7) (p. 128) 
6.5-7 Adnlte (p. 108) 
7. 25 CYANITE (pp. 126, 132) 



AMORPHOUS OR CRYSTALLIZATION DMKWOWW 



Metallic or Sulmietallic Luster 



M»oury (p. 72) 

1-6 WAD (pp. 78, 120) 
2-2.5 PYROLUSITE <p. 78) 
2.6 Calavarlte (p. 76) 
2.5-3 PeUlte(p. 74) 
3-3.6 Domeylatc (p. 66) 



3.5 Whitneyile (p. 66) 

i Algodonite (p. 66) 

5-5,5 LIMONITE(pp. 74, 76, 86, 120) 

5-6 PSILOMELANE (p. 78) j 

S-e TUROITB (pp. 74, 76,86, 120) 



AUORPHOnS OR CRTSTALLIZATIOn UNKNOW 
Non-metallic Luster 



Ulexlte (p. 96) 

Sapooite (p. 124) 
Nitrocalcite (p. 94) 
PYROPHVLLITE <p. 124) 
HaUoyaite (p. 122) 
Hydro cuprite (p. 8) 

5 AeboliM (p. 120) 
BAUXITE (p. 126) 
Qarnierite (pp. 122, 126) 
WAD (pp, 78, 120) 
MaaaicoC (p. 82) 

5 SepioUte (pp. 102, 122)- 



« <p. 122) 
4.5 CUoropal (p. 122) 
6 SERPENTINE (pp. 102, 122) 

Allophane (p. 122) 
26 Zaratite (p. 118) 
Howlite (p. 108) 
Crocidi>lit« (p. 92) 
5 BUmutitfl (p. 86) 
S SERPENTINE (pp. 102, 122) 
5 LIMONITB (pp. 74. 76, 86, 
1120) 
TURQITE (pp. 74, 76, 86, 
1120) 
(,5 OPAL (p. 128) ■ 
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GENERAL INDEX 



Abbreviations, 68, 60 
Acids, 4, 5 

use or, 23 
Agate mortar, 3 
Aluminum, teste for, 26 
AmmoDJa, S 
Ammoiiiuin carbonate, 5 

hydroxide, 6 

molybdate, 5 

oxalate, 5 
AmorphouH minerals, 139 
Antimony, tests for, 26 
Anvil, 2 
Apparatus, 1 
Aqua fortis, 5 
Aqua regia, 5 
Areenic, tests for, 27 
Atomic weif^te, 5S 

Barium, tests for, 28 

chloride, 5 
Bases in silicates, 41 
Bismuth, tests for, 28 
Bismuth flux, 4 
Blast, 6 
Blowpipe, 1 
Blowpipe opostions, 6 
Blue glass, 2 

Borax bea(I,'l9, 20 
Boric acid flux, 4 
Boron, l«sts for, 29 
Bromine, tests for, 29 



Cadmium, tests for, 29 
Calcium, tests for, 29 
Carbon, tests for, 30 
Caustic potash, 5 
Charcoal, 1 

sublimates on, 13 

use of, 12 
Charcoal brush, 3 
Chemical elements, 58 
Chemical tests, 6, 26 
Chlorine, tests for, 31 
Chromium, tests for, 31 
Closed tubes, 2 

sublimates in, 16 

use of, 14 
Cobalt, tests for, 32 

nitrate, 5 

use of, 24 
Columbium, tests for, 32 
Copper, tests for, 32 
Crvstallization, 47 

table of, 135 

Decrepitation, 8 
Descriptive terms, 53 
Determinative tables, 64 
Diamond mortar, 3 
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GENERAL INDEX 



Flame colors, 10 
Fluorine, tests for, 33 
Forcepa, 1 
Fimnel, 3 
Fusibility, 9 
Fusion, 7 

Galena, as reagent, 4 
General t^le, 64 
Glass runnel, 3 
Gloasary, 53 
Gold, tests for, 33 
Green glass, 2 
Gypaum, as reagent, 4 
Gypsum tablets, 3 

sublimates on, 15 

use of, 14 

Hammer, 2 
Hsjdness, scale of, 54 

table of, 135 
Hexagonal system, 49, 50, 136 
Hydrochloric acid, 4 
Hydrogen, testa for, 33 

Ignition, 7 

Iodide sublimates, 15 

Iodine, tests for, 34 

Iridium, tests for, 34, 39 

Iridosmine, tests for, 39 

Iron, testa for, 34 

Isometric system, 47, 43, 135 

Lead, tests for, 35 
lithium, tests for, 35 
litmus paper, 4 

Magnesium, tests for, 36 
Magnet, 2 

Manganese, testa tor, 36 
Mercury, tests for, 37 
Microcosmic salt, 4 

bead of, 21, 22 
Mineral tables, 64, 135 

precautions concerning, 63 



Molybdenum, tests for, 37 
Monoclinic system, 51, 52, 138 
Mortars, 3 
Muriatic acid, 4 

Nickel, tesU for, 37 
Nit^ium, sec Columbium. 
Nitric acid, 5 
Nitrogen, teats for, 38 

Oil of vitriol, 5 
Open tubes, 2 

sublimiates in, 18 

use of, 17 
Orthorhombic system, 51, 137 
Osmium, testa for, 38, 39 
Oxygen, tests for, 38 

Palladium, tests for, 38, 39 
Phosphorus, tests for, 38 
Phosphorus salt, 4 

bead of, 21, 22 
Platinum, tests for, 39 

Porcelain crucible, 3 
Potash, caustic, 5 
Potassium, teste for, 39 

bisulphat«, 4 

ferricyanide, S 

ferrocyanide, 5 

hydroxide, 5 
Precautions concerning tables, 63 
Precipitates, 25 

Quicksilver, tests for, 37 

Reactions for elements, 28 
Reagents, 4 
Roasting, 14 

Salt of phoaphorus, 4 

bead of, 21, 22 
Scale of fuaibility, 9 
Selenium, tests for, 40 
Silicon, tests for, 40 
ver, testa for, 41 
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GENERAL INDEX 



Silver nitrate, 5 
Soda, 4 

bead of, 23 
Sodium, testa for, 42 
Sodium ammonium phosphate, 4 

bead of, 21, 22 
Sodium carbonate, 4 

bead of, 23 
Sodium phosphate, 5 
Sodium tetraborate, 4 

bead of, 19, 20 
Solution in acids, 23 
Stre^ plate, 2 
Strontium, testa for, 42 
Sublimates in closed tube, IQ 

in open tube, 18 

on charcoal, 13, 15 

on gypsum, 15 
Sulphates, tests for, 43 
Sulphides, testa for, 43 
Sulphur, tests for, 43 
Sulphuric acid, S 
Symbols of elements, 58 

Table of borax bead reactions, 20 

flame colors, 10 

salt of phosphorus bead reactions, 

22 
sublimates in closed tube, 16 



on gypsum, 15 

Technical terms, 53 
Tellurium, tests for, 44 
Test papers, 4 
Test tubes, 2 
Test-tube holder, 2 

support, 3 
Tests for bases in silicates, 41 
Tests for elements, 26 
Tetragonal system, 49, 138 
Tin, tests for, 44 

as reagent, 4 
Titanium, tests for, 44 
Triclinic system, 52, 139 
Tungsi«n, tests for, 45 
Turmeric paper, 4 

Uranium, tests for, 45 

Vanadium, tests for, 4S 



?inc, tests for, 45 

as reagent, 4 
Zirconium, testa for, 46 



D„l,:..bvG0t>^lc 



D„l,:..bvG0C>^lc 



INDEX TO MINERALS 



Achroite, 108, 12S 
Acmite, 92, 114 
Actinolite, 112 
Adamite, 08 
Aegirite, 92, 114 
A^linatolite, 124 
Agate, 130 
Alabondite, 72 
Alabaster, 94 
Albite, 108 
Alexaadrite, 132 
Algodonite, 66 
Ailanite, 74, 90, 102 
Allophane, 122 
Almandite, 90, 112 
Altaite, 76 
Aluminite, 118 
AJuminum Ore, 126 
AIunit«, 116, 126 
Alunogen, 118 
Amalgam, 72 
AmblygoDite, 108 
Amethyst, 130 
Amphibole Group, 112 
Analcite, 102 
Anataae, 130 
Andaluaite, 130 
Andesine, 108 
Andradite, 90, 112 
Angleeite, 82 
Anhydrite, 94 
Ankerite, IIQ 
Annabergite, 88 



Asorthitc, 102, 108 
Anthophyllite, 90, 112, 128 
Antimony, 68 
Antimony Glance, 68 
Apatite, 96, 120 
ApophylIit«, 102 
Aquamarine, 114, 128 
Aragonite, 116 
ArCvcdsonit«, 92 
Argentile, 70 
Arsenic, 66 
Arsenolite, 80 
Arsenopyrite, 66 
AsbestOH, 90, 112, 123 
Asbolite, 120 
AstTOphyllite, 88 
Atacaniite, 84 
Augite, 114 
Aurichalcite, 118 
Autunite, 96 
Axinite, 108 
Azurit«, 84 

Baritfl, 96 
BaiTtocalcite, U6 
Bauxite, 126 
Benitoite, ilO 
Beryl, 114, 128 
Biotite, 88, 90, 106 
Bismite, 86 
Bismuth, 72 
Bismuth Glance, 72 
Bismuthiuite, 72 
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INDEX TQ,MiN£RALS 



HiHmutit«, 86 

Block Jack, 70 

BUck Lead, 78 

Black Mica, 88, 90, 106 

IMenae, 70, 118, 124 

Bog Iron Ore, 74, 76, 86, 120 

BoK Manganese, 78, 120 

BoTftcite, 98, 108 

Botox, 94, 06 

Boric Acid, 98 

Bort, 132 

Bomite, 70 

Boronatrocalcite, 96 

Boulangerite, 68 

Boumoiiit«, 68 

Braiuiite, 74, 78 

Breiinnerite, 116, 118 

Brittle Mica, 106, 124 

Brittle Silver, 58 

Brochtintite, 84 

BromjTite, 86 

Bronzite, 112 

Btookite, 78, 130 

Brown Hematite, 74, 76, 86, 120 

Brown Spar, 116, 118 

Brucite, 116, 120 

Ca-AI, Gamet, 112 
Ca-Cr Gamet, 112, 132 
Cft-Fe Garnet, 90, 112 
Calamine, 98, (118), 120 
Calaverite, 76 
Calcite, 116 
Calc Spar, 118 
Caledonite, 82 
Calomel, 82 
Cancrinite, 98 
Carbon, 132 
Carbonado, 132 
Camallite, 92 
Camotite, 08 
Cassiterite, 130 
Celestite, 96 
Cerargyrite, 86 
Cerusite, 82 
Ctiabazit«, 104 



ChalcanthiU, 84 
Chalcedony, 130 
Chalcocite, 70 
Chalcophyllite, S4 
Chalcopyrite, 70 
Chalk. 118 
Chert, 130 
ChJastolite, 130 
ChikireDite, 88 
Chloanthite, 66 
Chlorite, 106, 124 
Chloritoid, 128 
Chloropal, 122 
Chondrodite, 122 
Chrome Chlorite, 106, 124 
Chrome Gamet, 112, 132 
Chrome Spinel, 132 
Chromic Iron, 78, 126, 132 
Chromite, 78, 126, 132 
Chryaoberyl, 132 
ChryBOcolla, 122 
Chrysolite, 122 
Chrysotile, 102, 122 
Cinnabar, 82 
Ciini>chlore, 106, 124 
Clinoctaaite, 84 
Ctinohumit«, 122 
Clintonite, 124 
Cobalt Bloom, 88 
Cobaitite, 66 
Colemanite, 98 
Columbite, 74, 80, 110, 130 
Cookeil«, 106 
Copiapite, 88 
Copper, 72 
Copper Glance, 70 
Copper Nickel, 66 
Copper Pyrites, 70 
Copperas, 88 
Coquimbite, 88 
Cordierite, 114, 128 
Corundum, 132 
Covellite, 70 
Crocidolite, 92 
Croeoit*, 82 
Cryolite, 96 
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Cuprite, 74, 84 
Cuprodeacloizite, 82 
Cy&nite, 126, 132 

Damourit^, 106 
Dannlite, 90, 100, 120 
Danburite, 108 
Dark Red Silver, 68, 84 
DatoUte, 98 
Deaclokit*, 82 
Deamine, 104 
Deweybte, 102, 122 
Dialla^e, 112 
Dialogite, 118 
Diamond, 132 
Diaapore, 128 
Diopside, 112 
Dioptase, 120 
Disthene, 126, 132 
Dolomite, 116 
Domeykit«, 66 
Dry BoDe, 118 
Duf Teoite, 88 
Dyscraaite, 68 

Earthy Cobalt, 120 
BlaeoUte, 102 
Electrum, 72 
Embolite, 86 
Emerald, 114, 128 
Emery, 132 
Enargite, 66 
Enstatite, 112, 128 
Epidote, 00, 114 
Epsomit*. 94 
Epsom Salt, 94 
Erythrite, 88 
£uchroit«, 84 
Eucolite, 100 
£udiaUt«, 100 

Fayalite, 90 
Feather Ore, 68 
Feldspar Group. laS 
Ferberite, 74, 90 
Fei^UBonite, 80, 130 



Fibrolite, 130 
Flint, 130 
Fluorite, 96 
Fluor Spar, 96 
Fool's Gold, 70 
Fowlerite. 110 
Franklinite, 76 
Freibergite, 68 
Freieslebenit«, 68 

Gadolinite, 102, 122 
Gahnite, 132 

Galena, 70 
Galenite, 70 
Garnet Group, 112 
Gamierite, 122, 126 
Gay-LuBsite, 9J 
Genthile, 122, 126 
Geradorfite, 66 
Gibbsite, 126 
Glaiiberite, 94 
Glauber Salt, 94 
Glaucodot, 66 
Glaucophane, 112 
Gmelinite, 104 
Goethite, 74, 76, 86, 120 
Gold, 72 
Goslarite, 118 
G6thite,74,76,80, 120 
Graphite, 78 
Gray Copper, 68 
GreeDockite, 118 
Grosaularite, 112 
Gymnite, 102, 122 
Gypaum, 94 

Hair Pyrites, 70 
Halite, 92 
Halloysite, 122 
Hanksite, 92 
Harmotome, 104, 114 
Hauamannite, 78 
Hauyne, 100 
Hauynite, 100 
Heavy Spar, 96 
Hedenbergite, 112 
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Helvite, 90, 100 
Hematite, 72, 76, 86, 120 
Hemimorphite, ffi, 120 
Hercynite, 132 
Herderite, 96, 114 
Hessite, 71 
HeuUndite, 104 
Hiddenite, 108 
Hornblende, 112 
Born Silver, 86 
Howlite, 108 
Htibnerite, 110 



Hui 



!, 122 



Hyacinth, 130 
Hyalite, 128 
HydrftTgillite, 126 
Hydrocuprite, 8 
Hydrohematite, 74, 76, 86, 
Bydromicft, 106 
Hydromagnemte, 116, 118 
Hydroiincite, 118 
Hypersthene, 90, 126 

Idocraee, 114 
Ilmenite, 76, 78 
Dvaite, 74, 90 

Indicolite, 108, 128 

lodvritc, 86 

loUte, 114, 128 

Iridium, 80 

Iridosmine, 80 

Iron, 76 

Iron-A] Garnet, 90, 112 

Iron Dolomite, 116 

Iron Magnesite, 116, 118 

Iron Pyrites, 70 

Iron Spinel, 132 

Jade, 112, 114 
Jadeit«, 114 

Jameson ite, 6S 
Jarosite, 88 
Jasper, 130 
Jefferiaite, 102 
Jeffersonite, 110 



KainiU, 92 
KaJinite, 94, 116, 118 
K&mm«erite, 106, 124 
KaoUn, 126 
Kaoliuite, 126 
Kermeeite, 80 
Krennerit«, 74 
Kunzite, 108 

Labradorite, 104, 108 
I^pia Lazuli, 100 
Laumontite, 100 

Lawsonite, 114 
Laiulite, 124 
Lazurite, 100 
Lead, 72 
Leadhillite, 82 
Lepidolite, 106 
Lepidomelane, 88, 106 
Leucite, 122 
Leucopyrite, 66 
Libethenite, 84 
Lievrite, 74, 90 
Ijine-Al Garnet, 112 
Lime Feldspar, 102, 108 
Lime-iron Garnet, 90, 112 
Lime-soda, Feldspar, 104, 108 
Limestone, 116 
Limonite, 74, 76, 86, 120 
Linarite, 82 
Linnaeite, 70 
Liroconite, 84 
lithia Mica, 106 
LithiophyUte, 96 
Lodestone, 72, 76 
Ldllingite, 66 

Magneaia-Al Garnet, 112 
Magoeaia Mica, 106 
Magnesite, 116, 118 
Magnetic Iron Ore, 72, 76 
Magnetic Pyrites, 70 
Magnetite, 72, 76 
Malachite, 84 

Manganese Ampbibole, 110 
Manganese Epidote, 110 
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Manganese Garnet, 110, 112 
Mai^ancse Pyroxene, 110 
Man^aneae-Zn Pyroxene, 110 
Mai^anite, 78 
Marble, 116 
Marcaaite, 70 
Mai^arite, 106, 124 
MarmoKte, 102, 122 
Martite, 72, 76, 86 
Massicot, 82 
Meerschaum, 102, 122 
Meionite, 104 
Melaconite, 74 
Melanterite, 88 
Melilite, 102 
Menaccanite, 76, 78 
Mercury, 72 
Mesolite, 100 
Meteoric Iron, 76 
Mica Group, 106 
Microcline, 108 
Microlite, 126 
Millerite, 70 
Mimetite, 82 
MirabiKte, 94 
Mispickel, 66 
Molybdenite, 78 
Molybdite, 98 
Monazite, 124 
Mundic, 70 
Muscovite, 106 

, N^syagite, 76 
Natrocalcite, 94 
Natrolite, 98 
Natron, 92 
Nepheline, 102 
Nephelite, 102 
Nephrite, 112 
Niccolite, 66 
Nickel Bloom, 88 
Niter, 94 
Nosean, 100 
Noselite, 100 

OclBhedrite, 78, 130 



OUgoclaae, 108 
Olivenite, 84 
OUvine, 122 
Opal, 128 
(>piment, 80 
Orthil*, 74, 90 
Orthoclase, 108 
Osmiridium, 80 
Ottrelite, 128 

Pachnolite, 96 
Paragonite, 106 
Paramelaconite, 74 
Peacock Ore, 70 
Pearceite, 86 
Pearl Spar, 116 
PectoLte, 100, 102 
Penninite, 106, 124 
Pentlandite, 70 
Peridot, 122 
Perofskite, 78, 126 
Perovakite, 78, 126 
Petalite, 108 
Petzite, 74 
Fbarmacolit«, 98 
Pharmacodderite, 88 
Phenacite, 130 
Phillipaite, 104 
Phlogopite, 106 
Phongenite, 82 
Picotite, 132 
Piedmontite, 110 
Pistacite, 90, 114 
Pitchblende, 80 
Plagioclase Peldepars, 108 
Platinum, 80 
Plumbago, 78 
Polybaaite, 68 
Polycrase, 130 
Polyhalite, 94 
Porcelain Clay, 126 
Potash Alum, 94, 116, 118 
Potash Feldspar, 108 
Potash Mica, 106 
Prehnite, 102, 114 
Proehlorite, 106, 124 
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ProuBtite, M 
I^eudobrookit«, 76 
pBilomelace, 78 
Purpurite, 96 
Pyrarjorite, 68, 84 
Pyrite, 70 
Pyrochlore, 126 
iSroluBite, 78 
Pyromorphite, 82 
Pyropc, 112 
Pyrophyllite, 124 
Pyroxene, 112, 114 
I^xene Group, 112 
Pyirhotite, 70 

Quartz, 130 
Quicksilver, 72 

Real(Mr,80 
Red Zinc Ore, 120 
Rhodochrosite. US 
Rhodonite, 110 
Richterite, 110 
Riebeckite, 92 
Rock Salt, 92 
RubeUite, 108, 123 
Ruby, 132 
Ruby Silver, 68. «4 
Ruby Spinel, 132 
Rutile, 78, 130 

Sal Soda, 02 
Salt, 92 
Saltpeter, 94 
Samarskite, 74, 110 
Saponite, 124 
Sapphire, 132 
Sassolite, 98 
Scapolite, 104, 114 
Scheelit«, 110, 126 
Schefferite, 110 
Schorl, 108, 128 
Scolecite, 100 
Scorodite, 88 
Selenite, 94 
Senarmontite, 80 



Sepiolite, 102, 122 
Sericite, lOG 
Serpentine, 102, 122 
Seybertite, 124 
Siderite, 86, 118 
, Sillimanite, 130 
Silver, 72 
SUver Glance, 70 
Silver Tetrrfiedrite, 68 
Smaltite, 66 

SmiUisoniU, (98), 118, (120) 
So^iatone, 106, 114, 124 
Sodalite, 100 
Soda Feldspar, 108 
Soda-lime Feldspar, lOS 
Soda Mica, 106 
Soda Niter, 94 
Spathic Itod, 86, 118 
Specular Iron, 72, 76 
Spenylite, 66 
Spessartite, 110, 112 
Sphalerite, 70, 118, 124 
Sphene, 104, 110 
Spiuel, 132 
Spbel Ruby, 132 
Spodumene, 108 
Staonite, 70 
Staurolite, 128 
Steatite, 106, 114, 124 



Sternbergite, 70 
Stibnite, 68 
StJIbite, 104 
Stromeyerite, 70 
Strontiaoite, 116 
Sulphur, 80 
Sussexite, 98 
Sylvanite, 74 
Sylvite, 92 

Talc, 106, 114, 124 
Tantalite, 80, 130 
Tellurium, 74 
Teunantite, 66 
Tenorite, 74 
Tephroite, 100 
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Tetradymite, 76 
Tetrahedrite, 68 
Tbaumasite, 116 
Thenwdite, 94 
ThomseDolite, 96 
Thomsonite, 100 
Tin Pyritea, 70 
Tin Stone, 130 
Titanic Iron, 76, 78 
Titanite, 104, 110 
Topaz, 130 
Torbernite, 84 
TourmaLne, 108, 128 
Tremolite, 112 
Tridymite, 130 
Triphylite, 88 
TripLte, 88 
Trona, 92 
Troostite, 100 
Tuixite, 74, 76, 86, 120 
Turquois, 128 

Ulexite, 96 
Uraninite, 80 
Uvarovite, 112, 132 

Valentinite, 80 
Vacadinito, 82 
VariBcito, 124 
Vermiculite, 102 



Wad, 78, 120 
Wagnerife, 96 
Wavellite, 124 
Wemerite, 104, 114 
White Iron Pyrites, 70 
Whitneyite, 66 
WiUemite, 120 
Witherite, 94 
Wolframite, 74, 90, 110 
Wollastonite, 104 
Wulfenite, 82 

Xenotime, 124 

Yttrotantalite, 80, 126, 128 

Zaratit«, 118 

Zinc Blende, 70, 118, 124 

Zinc Spinel, 132 

Zincite, 120 

Zinc-Mn Pyroxene, 110 

Zinc Rhodonite, 110 

Zinkenite, 68 

Zinnwaldite, 90, 106 

Zircon, 130 

Zoiaite, 114 
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ellot's Stresses in Structures and the Accompanying Deformations.. . .&v 
nwe's Design of Simple Roof-trusses in Wood and Steel 8v 

Symmetrical Masonry Arches Sv 



Joh 



Mode 
• Johnson, Br] 



dTumea 
ramed Sti 
ind Tumi 



's Theory and F 



^Stresses SmalUti 

8vr 

n in Heavy Framing. 8vi 



's Theory and Practice in the Desig 

•Part II. New Edition .'..'.'.'.'. 

Merriman and Jacoby's Teit-book on Roofs and Bridges: 

Parti. Stresses in Simple Trusses 

Part II. Graphic Statics 

Part III. Bridge Design 

Part IV. Higher Structures 

Ricker'a De^gn and Construction of Roofs. (In Press.) 
Sondericker's Graphic Statics, with Applications to Trusses. Beam 

Arches 

..16mi 



2 SO 

1 25 

2 SO 



HYDRAULICS. 



3 00 
2 00 
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Hydraulic Hoton Sv 

Mnhuiici of Pluida <B«n| Part IV of U«chsnin of Eneineering) . .Svo. 

Collin ■> Gmphiml Solulion of Hydr»u lie Problem* lOmiJ. mo 

Plather'a Dyiumomeun. Bnd (he Meuurement of Power. IZnv 

Polwell'i Water-supply Enfineerina 8vi 

Pn roll ■» Water-power 8v. 

Puertes's Water and Public Haallh l!m. 

Waler-fillralion Work! 12m. 

GanguiUet and Kuttcr's General Formula for the Uniform Plow of Water i 

Rivera and Other Channels. (Heiins and Trautwine.) Svi 

Haien's Clean Water and How to Get It Lsrge IZmc 

Fillratioo of Public Water- uippliw 8v( 

Haielhunt'B Towers and Tanla for WaWf-works 8vi 

Herschel's 11G Experiments on the Carrying Capacity of Large. Riveted. Mel 

Conduiw 8vi 

Hoy t and Graver's River DiKharge 8v( 

Hubbard and Kiersud't Water-worki Hanagement and Maintenance. 

• Lyndon's Developnient and Electrical Distribution of Water Power 
Mason's Water-supply. (Conadered Principally from a Sanitary Stand- 
point! 

• Metriman's Treatise on Hydr 

• Molitor's Hydraulics ol River 
's High Masot 



liuyle. 



s'aLabo 


ralory Notes 


on 


ndustria 












Second Edil 




tevised 








of Riv 




ssell's Public 


Wb 




nn's Des. 


Bn and Com 






r- Supply of the City 


IN 


w Vork 



Analysis 



d Enlarge 



1 Domi 



c Witi 



3 00 

4 00 

5 00 

1 60 

2 CO 



3 00 

4 00 
3 00 



6 00 
O 00 

s 00 

6 00 

I. 10 00 



s Hydraulic Tables 



MATERIALS OF ENGINEERING. 

Baker's RoBds and Pavements .B^ 

Treatise on Masonry Construction 8\ 

Black's United States Public Works. Oblong 41 

•BUnchard and Drowne's Highway Engineering, as Preaeoled at t 



_ _ _ onal Road Com 

Blaoinger's Manufacture of Hydraulic Cc 
* Bottler's German and American Vamisl 



(In Prei 



5 OO 
2 00 



In, I . .Large I2mo, 
kmanship Employed in i 
[. II. HI of Mechanics of Engine 



Du Bois's Mechanics of Engineering. 

Vol. I. Kinematics. Sialics. Kinetics Small 4' 

Vol. II. TTie Stresses in Framed Structures, Strength of Materials a; 
Theory of Flexures Small 4l 

• Eckel's Building Stones and Clays , 8' 

• Cements, Limes, and Plasters 8i 

Fowler's Ordinary Foundations 8i 

• Greene's Structural Mechanics 8i 



. .8vo. 
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• HubbKfd'B Duat Provantives mnd Rosd Bind«n 

Johnson's (C. M.) Rapid Ueihdds for the Ch«niical Aoalyiii of Special Steels. 

Steel-making Alloys and Graphite... ..Large l2mD, 

Johnson's (J. B.) Materiaii of Construction. Large 8> 

Keep's Cast Iron 81 

Lanza's Applied Mechanics... , . . .S< 

Lowe's Paints for Steel Structures I2n 

Maire's Modern Pigments and their Vehielei 12n 

• Martin's Tait Boole on Mechanics. Vol. L Statics 12n 

• Vol. n. Kinematics and Kinetics 12n 

•Vol. in. Mechanics of Materials 12n 

Maurer's Technical Mechanics '. S' 

Merrill's Stones for Building and Decoration 8' 

Merriman's Mechanics of Materials 8' 

♦Strength of Materials. I2n 

Metcalf's Steel. A Manual for SUel-useis 12n 

Morrison's Highway Engineering. 8' 

• Murdock's Strength of Materials 12n 

Patlon's Practical Treatise on Foundations 8' 

Rice's Concrete Block Manufacture 8' 

Richardson's Modem Asphalt Psvei 
Richey's Building Foreman's Pocke 

• Cement Workers' and Plastei 

Handbook for Superintendents of 

Reference Series] 
» Ries's Clays: Their Occurrence, Properties, and Uses. 8vi 

• Riea and Leighton's History of the Clay-working Industry of the Unite 

Sabin'a Industrial and Artistic Tec'hiiiilDCT of Pailit* aiid Vaiiiih.'. '. .'.*. '. '.Bvt 

• Smith's Strength of Material 12nK 

Snow's Principal Species of Wood 8v( 

Spalding's Hydraulic Cement 1 2ni{ 

TeM-book on Roads and Pavements 12mi 

• Taylor and Thompson's Concrete Costs Small Sv( 

• EitracU on Reinforced Concrete Design 8tc 

Treatise on Concrete, Plain and Reinforced 8v{ 

Thuislon's Materials of Engineering. In Three Puts, . . 
Part I. Non-metallic Materials of E ' 
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RAILWAY ENGINEERING 
r Street Railway Engineers 


3 Xt inches, n 



Bora's Buildings and Structures of American Railroads. . . 
Brooks's Handbook of Street Railroad Location 

• Bart's Railway Station Service 

Crandall's Railway and Other Earthwork Tables. '.... 

Crandall and Barnes's Railroad Surveying 

• Crockett's Methods for Earthwork ComputaticMis 

Dredge's History of the Pennsylvania Railroad. (18J8)... 
Fisher's Table of Cubic Yards 

• Gilbert Wightman and Saunders's Subways and Tunnels 
Godwin's Railroad Engineers' Pield-book and Bxplorere' C 
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Hadton'i Tmbln for CkleulBting the Cubic Csntenta of Bxc 

bankRiRiU. 

Ivn Uld HiLli's Problenu in Surveyina, Railroad Surveying 



'sRwlK 



] SInii 



Philbrick'i 

£lemenl< of Ruilnjud Engineering.'. '. . 

Railroad Engineer') Field Book, (In Prepar 

Roberts' Track Formula and Tabla 

SevlPi'i Field EnEineering 

Railroad Spiral 

Taylor's PriHiioidal Formniie Bnd Earlhtrork 

~ ■ 1 of Railroad Cor.stttiction 



Railp 






le Local: 



Lvgel2i 

l«mo. n 

Railways Large 12TnD. 



CooUdge and Pret 



'C Geometry and its Applicati 



Ucthsnical Drsi 
'Velocity Diagrai 

• M jian'a Descriptiv 



nd Sketching 

:ElBmentary and Advanced.) 

twins and Elementary Machine Desi 



hical Drawing. (McMillan.) 

il Drawing Oblong Svo. 

netry. (In Press.) 

ometry. Shadows, and Perspective, .81 

ion and Drawing 81 



s in Elementary Geo 



Manual 

Plane Fi 
Weisbach'i Kinematics and Power of Transmission. (Herms 

Klein.) 8v 

Wilson's (H. U.) Topographic Surveying 8v 
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Course in Deecriptive Gsometry LArge Svo, 3 00 

ELECTRICITY AHD PHYSICS, 



• AbegB'a Theory of Electrolytic Dissociation, (von Ende.l 12ni 

Andrews's Hand-book for Street RiilwB/ Engineers 3 XS inches mc 

Anthony and Bidl's Lecture-notes on the Theory of Electrical Measui 

Anthony and Braclcett's Text-book oC Physics. (Maele.) Large 12n: 

Benjamin's History of Eleclrieity. 6\ 

Bet ts's Lead Refining and Electrolysis 8i 

• Burgess and Le Chstelier'i Measurement of High Temperatures. Tlii 

Edition 8^ 

Classen's Quantitative Chemical Analysis by Electrolysis. (BoltwoDd.).Si 

• CoIlinES Manual of Wireless Telegraphy and Telephony. 12mo, 

Crehoreand Squier's Polarizing Photo-chronograph ' 

•Danneel's EtesCrochemtstry. (Merriam.) 

Dawson's " Engineering" and Electric Traction Pocket-book l6mo 

Doleialek's Theory of the Lead Accumulator (Storage Battery), (von '. 

Duhem's Thermodynamics and Chemistry. (Burgess.! 

Fialher's Dynamometers, and the Measurement of Power 

■ Getman's Introduction to Physical Science 

Gilbert's De Magneie, (Mottelay ) 



:toff's Experimental Electrical Engineering: 

/ol. I 

rol, II 



:antinuous-current Machines 

• Koch's Mathematics of Applied Electricity Smi 

Landauer's Spectrum Analysis. (Tingle.) 

• Lauffer-s Electrical Injuries 

Lob's Electrochemistry of Organic (impounds. (Lorenz. ) 

• Lyndon's Development and Electrical Distribution of Water Powe 

• Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II. Sv 

• Michie's ElemenU of Wave Motion Relating to Sound and Light. . 

• Morgwi's Physical Chemistry for Electrical Engineers 

• Morris's Introduction to the Study of Electrical En^neering 

Norris and Dennison's Course of Problems on the Electrical Character: 

Circuits and Machines. (In Press.) 

• Parshall and Hobart's Electric Machine Design .4to. ha 

Reagan's Locomotives: Simple. Compound, and Electric. New Edil 



(Haldan 



3ms, and Hoiie's Text Book of Electrical Machinery 8-. 

■'» Laboratory Guide (or Students in Physical Chemistry 12m 

I's ElemenUry Lessons in Heat S\ 

'a Elements of Electricity Large i2n 



ory Physics Lan 
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LAW. 
t U»Iul LeaM lab 



g ind ArctiiMctural Juriapruden 



Law of Cimtrai 






i Ellipl 



: Functi 



MATHEMATICS. 

(Baeher.)" 



if Plane Analytic Oeometry. (Baeher.) 12nK 

• Buchanan's Plane and Spherical Trigonon 

Byerlys Harmonic Functions 

Ctiandler'9 Elements of the InRnitesimal Calculus IZmo. 

• Coffin s Vector Analysis 1 

Campion's Manual of Losarilhmio Computations 1 

• Dickson's CoIlegB Algebra I-arge 1 

> Inlroduction to the Theory o( Algebraic Equations Large 1 

'» Introciuelion to Projective Geometry and its Application 



's Func 
ed's Eleir 



IS of a Complex 
y Syntbeli- 



iBble. , 



Vssmann'B S| 
■s (J. B.l Thr 



hnson's {W. W.| 
Curve Tracing 



heory of Elliptic Functions 

.lysis 

Log&tilbmic Tablej; Vest-pocket cise, paper, 
• 100 o ■ 
• Mounted on heavy cardboard. 8 X 10 in 

iridged Editions of Diilerenlial and Integral 



n Co-ordini 



;e 12m< 



. . 12m< 
. , ,8vo. 



Theory 



Integral Calculus 

nary and Partial Differential 
ring Applications of Higher 

mson Machine Design 

;s of Applied Electricity. . 
alEssayon Probabilities. {T 
to Professor W. W. Johnso 



. ! Large 12mi 
. .Large IZrnc 



Bass's Elements of Trigonometr 


and Logarithmic and 


metry and Tables published sepa 


rately E 




ational Numbers and their Repr 


Bsenution by Sequences 
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Mathesktica! Moaograptu. Ediled by Mansfield Mcrriman and Robert 

S. Woodward OcUvo. escli t 

No 1. HisLory of Modem Mathematici. by David Eugene Smith. 
No. 2, Synthetic Proiective Geometry, by George Bruce Halsled. 
No. 3. Determinants, by Laenas Giflord Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grossnunn's Spue Analysis. 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Roberts. Woodward. No. S. Vector Analysis and QuBteniions. 
by Alexander Macfsrlane. No. 9. Differenlial Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Manslield Meniman. No, 11, Functions of a Complex Variable, 
by Thomas S, Fiske. 



MerTiman''s Method of Least Squari 



to the Real InRnil 

Variable.- 

/aterburys Vest Pocket Hand-book of Mathemaii. 

• Enlarged Edition, Including Tables 






lal Analysis of One 
TT Engineers- 



■ Bartlett and Johnsoi 
• Burr's Ancient and I 
Carpenter's Heating ai 



;9 of Machinery ...,.,.. 

Abridged Ed 

igineering Descriptive Geometi 
Ti Engineering and the Isthmt; 

il Engineering. ■ 



e Gas. Petrol and Oil Engii 
first Lessons in Metal Working. , 

d De Croodt's Speed Lathe 

lanual of Drawing 



omwell's Treatise on Belts and Pulley 

Treatise on Toothed Gearing 

ngey's Machinery Pattern Making. , . . 



Flather's Dynan 



Elements of Mechanical Drawing 

nes's Gas Engine 

Machine Design : 

Part 1. Kinematics of Machinery 

Part II. Form, Strength, and Proporti 



B 00 
2 00 

2 SO 
4 00 

1 50 

3 00 
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K»up's Muhinc Shop Pnctic* Luge I2i 

Kant'i M«huiicBl Engineer's Pocket-Book IBmo, m 

jrr'i PowBT and Power Tr«n»miMicm 8 

Kimball and Bur' ■ Machine D»icn 8 

KiDg'i Eltmeoia □( th« Mtchanict of Material) ami ot Poircr of Tr±ns- 

Lania'a Dynamic* of Machinery . , 

Leonaril'i Machine Shop Tooli and Method! 

■ Levin's Gas Engine. 

Lorenz's Modern Refrifleraiins Machinery- (Pop«, Haven» and Dean) 

MacCord's Kinematics: or. Practical Mechanism. 

Mechanical Drawing. ^ ^ ^ , ^ . - . . - - 



HacFarland*! Standard Reduction Factors for Gmc*. S% 

Mahan's Industrial Drawing. {Thompson.) S\ 

Mehrtens's Gas Engine Theory and Design Large 12n 

Miller. Berry, and Riley's Problems in Tbermadynamici and HeaC Engino 

inj 8vo. pap. 

Oberg's Handbook of Small Tools Larse 12n 

• ParahaU and Hobarf. 
" Peele's Compressed Ai 

• Perkins's Introductioi 



ric Machine Desigi 

Second Edition. 1 

neral Thermodynai 



's Engineering Remini 



Richard! 
Schwim 



al Drawing and Elementary Mac 



an's Machine Design 

irking of Metals 

id Combustion in Alcohol Engine 

.ing of Gas and Gas Meteca. 



12 
on and Lost Work in Machinery and MiU Work. . .1 

lutomobile Instructor t« 

tsof Mechanical Drawing Oblong I 

Machine Construction and Drawing. 1 

ocket Hand-book of Mathematics 



ig Tables. 



2iX5i inches, 



(Her 



MATERIALS OF ENGIHEERIKG. 

nd Resistance of the Materials of Engineering 
Solids (Being Paris 1. II, III of Mechanics of i 



*1 2& 
2 OO 



h Products. {In Preas.) 

1 

ir the Chemical Analysis 



n's (J. B.) Materials of Consu 

Cast Iron 

s Elements of the Mechanici 



.tetials and of Powe 



Lanza's AppHed Mechanics. 
Lowe's Paints for Steel Stni 
Maire's Modem Pigments ai 



;. COOI^IC 



Maurer'B Technical M 

Memnun's Mechanics of Materials 

• Strength of Materials 

Metcaif 8 Steel. A Manual tor Steel-usera 

■ Murdock'9 Strength of Materials 

Sabin'i Industrial and ArUstic Technology of Paint and Varnish 

Smith's (A. W.) MattidalB of Machines. ,.-..,..,---. ^ - . - , ^ . ^ ,, ... - 

• Smith's (H, E.I Strength of Material 

Thurston's Materials of Engineering 3 vols. 

Part I. Non-metallic Materials of Eneineering, 

Part 11. Iron and Steel 

Part in. A Treatise on Brasses. Bronses. and Other Alloys and 
Constituents 

• Waterbury'i Laboratory Manual tor Testing Materials of Coostfuc 

Wood's (De V.) Elements of Analytical Mechanics '. 

Treatise on the Resistance of Materials and an Appendix oi 
Preservation of Timber. 



STEAH-ENGINES AND BOILERS. 

Berry"s Temperature-entropy Diagram. Third Edition Revised and Ei 

larged 12m, 

Camot's Reflections on the Motive Power of Heat. (Thurston.) 12mr 

Chase's Art ot Pattern Maltins 12mi 

Creighton's Steam-engine and other Heat Motors Svr 

Dawson's"EnBineering" and Electric Traction Pocket-booli....l«mo, mo 

• Gebhardl's Steam Power Plant Engineering 8vi 

Goss's Locomotive Performance 8vi 

Hemenway-s Indicator Practice and Steam-engine Economy 12mr 

Hiishfeld and Barnard's Heat Power Engineering. (In Press.) 

Hutton's Heal and Heat-engines Svr 

Mechanical Engineering of Power Plants Svr 

Kent's Steam Boiler Economy Svr 

Kneass's Practice and Theory o( the Injector 8v< 

MaeCord's Slirie-valves Bv. 

Meyer's Modem Locomotive Construction 4b 

Miller. Berry, and Riley's Problems in Thermodynamics Bvo. pape 

Meyer's Steam Turbine 8vc 

Peabody's Manual of the Steam-engine Indicator 12m< 

Tables of the Properties of Steam and Other Vapors and Temperatun 
Entropy Table. 8v. 

Thermodynamics of the Sleam-engine and Other Heat-engines. . , .8v( 

■ Thermodynamics of the Steam Turbine 8v< 

Peabody and Miller's Steam-boilers '.'. '....'. .8vi 

• Perkins's Introduction lo General Thermodynamics 12m< 

Pupin's Thermodynamics of Revetnble Cycles in Gases and Saturated Vapoi 

(Osterberg.l 12m< 

Reagan's Locomotives: Simple. Compound, and Electric. New Edition. 

Sinclair's Locomotive Engine Running and Management 12mr: 

Smart's Handbook of Engineering Laboratory Practice. 12mt 

Snow's Steam-boiler Practice 8v( 

Spangler's Notes on Thermodynamics 12mt 

Spangler. Greene, and Marshall's Elements of Steam-engineering. .... .Svc 

Thomas's Steam-turbines. 8v! 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indl 

oator and the Prony Brake 8vc 

al ol Steam-boilers, their Designs Construction, and Operation 8vc 



Manual 

Part I. History. Structur 
Port II. Design. Constnir 



15 
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Wdireafainla'* Atwlrcli uid Soltening of Boiler Peed-wmter. (Pat 

Vdibach'i Ku>t, StMm, and Steun-engines, (Du Boii.) 

Wtdlhani'i Suam-ensine Doign 

Woad'* TTiatniadmtuilio, H«t Hoton. and Refrisenting Machine 

KECHAniCS PDSE AND APPLIED. 



Mechanic* of Floidi (Beioa Part H 

* Mechanic! of Inuniii Work 

Mechanic) of SoUdt (fieins Parte 1. 

Notes and Eumpio in Mechanics. 
Dana'a Te»t-boolt of Eiemeniary Mechi 
Du Bois's Elementary Principles of Me< 



Engineering), A 
1 



Irnctural MechaniM 8vo, 

'a Elementary Mechanics for Engineering Students..., . . ,12Tno» 
smatics of a Point and the Rational Mechanics of a Particle. 



Lanza's Applied Mechan 



un's Elements of Mechanics 

hanics of Materials 

's Elements of Analytical Mechanics. 



KEDICAL. 

• Abderhalden's Physiological Chemistry in Thit 

Defren.) 

von Behring's SuppresEion of Tuberculosis. (Bole 






•Oeden 



Nephri^ , . 



8v< 

.Large 12m< 
. .Large 12mc 



* Physiology of A 

* de Punac's Manual of Psychiatry. <Rosant>S and Collins.) 

* Hammaraten^s Text-book on Phyaological Cherobtry, (Mande 
Jackson's Directions fcr Laboratory Worlt in Physiological Chemi 
Lassar-Cohn's Praxis of Urinary Analysis. (Lorenz.) 

* Lauffer's Electrical Injuries ISmo, 

Mandel's Hand-book far the Bio-Chemical Laboraloi 

. ot Drugs and Medicines 



s Physic 



1 Chemi 

's Twins a 

Rostoski's Serum Diagni 

Ruddiman's Incompatib 

Whys in Pharmacy, 

Salkowskl*s Physioiogica 






. and Patboloffcal Chemisti 



(Fischer 
1. (Cohn.: 



..12mo, 



,gle 



■ Satterl«'3 Outlines of Humui Embryology 

Smith's Leclure NoMB on Chemistry for DentaL Stud 

• Whipple's Tyhpoid Fever 

• 'WoodbuLl'B Military Hygiene for Officers of the Lin 

• Personal Hygiene 

Woicwter and Atldnson's Small Hospitals BstabUshi 






METALLnRGY. 



BettB'a Lead Refining by Electrolysis. 

Bolland'i Encyclopedia of Pounding sc 

m the Practice of Moulding. . 



Y of Foundry Terms used 



It of High Temperator 



Douelas's Untechnical Ad< 
Goesel's Minerals and Meti 
• Ilea's Lead-smelting. , . . 
Johnson's Rapid Method: 



: A Reference Book . . 



A Manual for Steel-users. 12nio, 

on of Aluminum and its Industrial Use, (Waldo.). . 12mo, 

3ry Practice Large 12mo, 

le's Technical Analysis of Brass 12mo. 

tsof Melallography. (Malhewson.) 8vo, 




Brush's Manual of Deletmii 
Butler's Pocliet Hand-book 
Chester's Catalogue of Mine 

* Crane's Gold and Silver. . 
Dana's First Appendix to E 
Dana's Second Appendix to 



UnERALOGY. 

Lhe Rarer Elements. . . 
ive Mineralogy. (Per 



Manual of Min< 



Large 8' 

120 

o Study Them 12mo, 



System ol Mineralogy, . 

Text-book of Mineralogy 

Douglas's Unterhnical Addresses on Technical Subjects. 1 

Eakle's Mineral Tables 

• Eckel's Building Stones and Qays 

Goesei'i Minerals and Metals: A Reference Book 16mo, 

» Groth's The Optical Properties of Crystals. (Jackson.) 

Groth's Introduction to Chemical Crystalbgraphy (Maishall) 12mo. 

• Hayes's Handbook for FieU Geologists Iflmo, mor. 

Iddinjs's Igneous Rocks 8vo. 

Rock Minerats. Svo. B 00 



D„l,:..byG00QlC 



TUn Secliofli. Sto, 

With Thumb Index • 
lEh the Blow- 



JohuinMn'a Determintttoi] ol Rock-fDRninE 

* Mutin'i Labonlory Guide to Qualilative Analyiii 

MsTill'i Non-meltillic Minili^Li:' Ttiilir Occurrence and Ui 

Slons for Building and Decoration 

* PenGeld'8 Sola on DeUrmioalive Mineraloiv and Record of Minert.' 1 

Tables of Mlnenli, Including the Uie ot Minerali and Stat^ti 

Domeslie Production 

■ Pireson's Rocka (md Rock Mineral! I 

* Richardi'a Synoprii of Mineral Cbaracten I2nio, 

* Rita's Clays: Thdr Occurrence, 



-y of the Clay-working induairy of tl 



• Rowe'i Practical Mineralogy Simplified. I2ino, 

• Tillmui's Teit-book of Important Minerali and Rocks.. , 
Washington's Manual ol the Chemical Analyiii of Rocki. . 

MUIIRG. 

• Beard's Mine Gases and Explosions. 

• Crane's Gold and Silver. 

• Index of Mining Engineering Literature. 

■ Ore Mining Methods. '.Svo, 

• Dana and Saunden's Rock Drilling 8yo, 

Douglas's UntKhnical Addresses on Technical Subjects I2r 

Eissler'a Modem High Explosives » 

• Gilbert Wightman and Saunders's Subways and Tunnels of New Yorli. g 

Guesel's Minerals and Meials: A Reference Book. Idmo, m 

Ihlwng's Manual of Mining. 8 

• Iles's Lead Smelting 12r 



'sComi 

's Shaft Sinking Under Difficult Cond 



(Comi 



d Peele.)8vo, 



SAniTART SCIENCE. 

National Pood and Dairy Depi 



Practical Sanitation. . 

iltry House. 

jtion Camps and Park 



Fowler's Sewage Works Anslysea. 

Fuertes's Walerfiltration Works 

Water and Public Health 

Gerhard's Guide to Sanitary Inspections. , . 

• Modem Baths and Bath Houses 

Sanitation of Public Buildings 

• The Water Supply, Sewerage, and Plun 



........... .Large ]2mo, 

d Maintenance.). . . 



( of Modem City Buildings, 



's Examination of Water. (Chemical 
'a:er-supply. (Considered principally 

t's Light and the Behavior of OrgHnisi 



■y Standpoini 
Large IZmo, 



Gooi^lc 







8yo 


•2 00 










• Ogden .nd Cleveland's Practical Methods o£ Seroge Diipoul lor Res- 












pinKolt and Wknslow's ElemenU of Water Bacteriology 


with Special Refer- 




















































Riclmrds and Woodman's Ak. Water, and Pood froni 


a Sanitary Stand 


"nn 




Editi 


™ (Buildin 
.18mo, mor 










SopM's Air and VentiUtLon of Subways 




12™ 


2 60 








300 


Ward and Whipple's I^«ahwater Biolofiy. (In Press.t 




8vo 






Large 12mo 
Large 12mo 
Large 12mo 




Value of Pure Water 

mSCELLAHEOUS. 














Bnunooa's Geological Guide-book of the Rocky Moimta 


.".^^ 


ursion of th 
.. Large 8vo 
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